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Low-cost CAE packages 
assist analog esigners 


UV-EPROMsS achieve 


megabit capacities 


~ Standard-cell libraries 
add linear, LSI blocks 


VME Bus control 
ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS 


Information resources 
smooth the transition to 
surface-mount technology 
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Building a high-performance system is 
now easier than ever. } 

Because all the major support circuitry 
you'll need is available from one supplier. 

Namely, Monolithic Memories. 

Our new high-performance LSI parts 
handle everything from memory support to 
data buffering to numerical processing. What's 
more, they handle it better. 

Which isn’t surprising when you con- 
sider that our parts perform like no others can. 

For instance, our single-chip 256K DRAM 
controller, single-chip 1 Mbit DRAM control- 
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Introducin 


the d 
easiest way 


__ tobuilda 
high-performance 
system. 


tarting now, this is the standard 
every phase must face. 


You're looking at a phase syn- 
thesizer so accurate it should 
become the standard for every 
phase meter in existence. An 
instrument so versatile it can 
revolutionize every phase- 
dependent testing procedure. 

The Model 650 Variable 
Phase Synthesizer from 
VWavetek. 

Model 650 uses the NBS dig- 
ital signal synthesis technique 
to eae waveforms with 
0.005° phase accuracy and 10 
digits of frequency resolution. 
Phase Meter Calibration 
_ Now, instead of using two sig- 
nal generators, a phase meter, 
-acomputer, and several hours 
_of time, you can calibrate a 
yhase meter in minutes. With 
Model 650's phase sweep and 
an x-y plotter, you can quickly 
map a meter’s response over 
go 
_ But Model 650 is more than 
accurate. It is powerful—up to 

O Vp-p into 50 ohms. It is 

ersatile—a wide range of 
waveforms and modes over 
00 pHz to 2 Mrz. It is expand- 
3e—the standard two-channel 
otional four-channe!l output 
be multiplied by cascading 
0 10 instruments for as 
s40 channels. 
ro/Resolver Simulation 
is completely GPIB ~ 
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For more information, call or 
write Wavetek San Diego, Inc., 
9045 Balboa Ave., P. 0. Box 85265, 
San Diego, CA 92138. bai 9] 
279-2200; TWX-335-2007. 
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Your control system has a lot riding on it. A million-dollar 
production facility. Life-giving medical equipment. 
Tomorrow's daily newspaper. It needs to work. 


and keep on working. 


Whatever your application, you can benefit from Pro-Log’s STD- 
DOS: The convenience and familiarity of IBM PC/AT® software 
and operating standards, but in rugged, industrial-quality 

hardware. It works 


and keeps on working. 
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Operates 0° to 65°C for more than 10 years with an average 
MTBF a more canee 20 years per card. Backed by Pro-Log’s 


jarranns 
Narra; iLV 


Microsoft's® MS-DOS 3.1 is a software bus for 
connecting libraries, languages, editors, and 
application programs. 


The STD BUS is an industry standard hardware 
bus for connecting memory, I/O, and peripheral 
functions. 


The IBM PC/AT or clone is your development tool. 


M 8088 CPU, 5 MHz 

| Time-of-day clock 
MS-DOS 3.1 in ROM disk 
128K-byte user ROM disk 
16K-byte user RAM disk 
112K bytes system RAM 
® RS-232-C, RS-422/485 ports 

M@ |/O expandable to 24 STD BUS card slots 
M@ Memory expandable to 640K bytes 

M@ Under $1200 


. STD-LIB 1.1: a fully 
documented disc- resident library of driver 
software that supports Analog and Digital STD 
BUS cards for “C”, BASIC, and Assembly 
language programs. 


For information on STD-DOS products, local 


seminars, or a personal demonstration, CALL or 
WRITE TODAY. 


- Australia (3) 836- 3533: Canada 
(416) 625- 7752: England (0276) 26517; France (1) 3956-8142: 
Germany (07131) 50030; Italy (2) 498- 8031; Switzerland (01) 62 44 44, 


®Microsoft and MS-DOS are registered trademarks of Microsoft Corporation 
®IBM is a registered trademark of International Business Machines Corporation 
©1986 ADGROUFP International PLO52 
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ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS 


On the cover: A variety of sources can 
prepare you for the evolution from 
through-hole to surface-mount design. 
The help available to you includes 
courses, conferences, publications, and 
contract services. See pg 134. (Photo 
courtesy Interconnect Technology Inc; pc 
boards courtesy Intel Corp) 
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DESIGN FEATURES 
Special Report: Surface-Mount Technology 134 


Lack of component availability and few design standards, coupled 
with a shortage of practical manufacturing knowledge, have slowed 
acceptance of surface-mount technology. You can avoid the pitfalls and 
reap the performance and economic benefits of this technology by 
taking advantage of the help now available.—Steven H Leibson, 

Regional Editor , 


Low-cost PCs and software 163 
analyze analog circuits 


Gone are the days when you’d have to solve circuit matrices manual- 
ly, or even have to write a Basic program to solve them on your core- 
based minicomputer. You can now obtain the responses of large net- 
works and active circuits by simply typing net lists of the circuits’ 
passive and active components.—Buill Travis, Senior Editor 


Designers Guide to 187 
VME Bus control—Part 1 


By using fuse-programmable controllers (FPCs) and PLDs, you can 
implement VME Bus control in your computer system with a 
minimum of hardware. Just a few chips per plug-in module, and a bus 
arbiter, can perform all bus-control functions. This article describes the 
bus-arbitration process and control functions and shows you how to 
implement the VME Bus protocol in an FPC. Part 2 will describe the 
implementation of slave controllers, discuss interrupt handling, and 
provide tools for programming the FPC.—Arthur Khu, Advanced 
Micro Devices 


ASICs optimize chip-select 195 
decoding functions 


Almost always, »P-based systems require chip-select decoding cir- 
cuitry. Unfortunately, designers often overlook or underestimate the 
importance of such circuitry. If improperly designed, chip-select 
decoding ICs can create a bottleneck, negating the performance possi- 
ble when using the latest pPs and memory chips.—David G Williams, 
Harris Semiconductor 
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How to be perfect to a fault. 


Get your product to market faster. Save 
weeks debugging each prototype circuit 
board. Immediately. 


What a faultless package: 

Fluke’s 9000 Series of micro-based 
hardware debuggers. Plus the free troub- 
leshooting training. And Fluke support 
when and where you need it. 

A package never before offered. 

So you can start testing your proto- 
type board on Monday, learn how to auto- 
mate your verification process on Tues- 
day, and look like a saint on Wednesday. 

And to make it even more miraculous, 
put Fluke on trial for 30 days and see 
how many faults you can find. On us. 

Just call the toll-free Fault-Line and 
get the whole story: 

e Your choice of three 9000 Series Hard- 
ware Debuggers. From Fluke, the world 
leader in emulative board testing. Fully- 
programmable to low-cost models. Even 
an IEEE-488 model. 

e Fast built-in tests discover hardware 
faults. 

e Exercise all data paths, without writing 
a line of code. 

e Support for over 50 microprocessors. 
e New expanded fault coverage. 

e Assure testability in manufacturing 
and service. 

From the moment you plug the inter- 
face pod into the microprocessor socket, 
you'll save time, money and deadlines. 

And become faultless in the eyes 
of man. 


Call the Fault-Line For 30-Day Free Trial 
1-800-44-FLUKE Ext. 201 


RLUKE 
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Continued from page 5 


You can use standard-cell libraries to 
implement digital functions like bus in- 
terfaces, multipliers, and memory blocks; 
many libraries include analog cells that 
you can add to LSI-level digital circuits 


(pg 03). 
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TECHNOLOGY UPDATE 


Vendors stock standard-cell libraries 63 
with linear and LSI-level functions 


Examine a cell library from a standard-cell-IC vendor this ear and 
you'll find more linear and LS]-level functions than you di_ in last 
year’s libraries—David Smith, Associate Edttor 


High-density EPROMs expand code space 91 
while standard footprints ease retrofits 

High-density UV-EPROMs now offer capacities ranging to 1M bit 
and beyond, and you'll find CMOS versions as well as NMOS ones. 
Moreover, manufacturers are conforming to JEDEC footprint stan- 
dards to ensure compatibility between EPROMs ranging from 64k bits 
on up.—Denny Cormier, Regional Editor 


PRODUCT UPDATE 


2kx9-bit FIFO memory 111 
CMOS interface IC 112 
1-chip, 12-bit A/D converter lly 
Digital delay generator 118 
High-speed biFET amplifier 121 
Full-height 5’%4-in. Winchester disk drive 122 


DESIGN IDEAS 


Circuit converts voltage ratio to frequency 203 
IC forms an edge-sensitive R-S flip-flop 204 
Voltage-supervisor IC provides pP reset 204 
Low-cost regulator converts Vt to —5V 208 
Dynamically map the 68008 »P’s memory 210 


Continued on page 9 
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Now you have a choice. 


e15ns e Quarter Power 

e 20 or 24-pin e 100% yields 
packages e Zero rejects 

© 100% factory tested Standard program- 

e Fully PALcompatible ming support. 


So if you are ready for the highest 


E*CMOS" EXCEEDS BIPOLAR perto rmance, reprogramma ble 


EQUIVALENT SPEEDS AT CMOS PLD on the market, the 


ONLY HALF THE POWER 


choice is simple: GAL devices from 
the leader in CMOS PLDs, Lattice 
Semiconductor. Call our toll-free 
hotline: 


SPEED (NS) 


1-800-FASTGAL 


for information on how you can 


receive your own copy of the new 

GAL Handbook or how you can p => 
have a Lattice salesman contact N = 
yOu SEMICONDUCTOR CORP. 


©1986 Lattice Semiconductor. LATTICE Sales offices: Laguna Hills, CA, (714) 855-3002, San Jose, CA, (408) 371-6931, Burlington, MA, (617) 273-4545, Hanover, MD, (301) 796-4413, Bloomington, MN, (612) 831-8248, West Caldwell, NJ 
(201) 882-1900, Irving, TX, (214) 929-4142, London, 011-44-344-57460, FAX 011-44-59726. Telex 847096, Paris (33) 1 69077802, TeleFAX (33) 16 9074811 Munich (49) 892608287, TeleFAX (49) 892604133. 


GAL (Generic Array Logic) and E2CMOS are trademarks of Lattice Semiconductor. PAL is a registered trademark of Monolithic Memories, Inc. 
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Surface-mount technology requires expertise in areas ranging from 
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I'S NO LONGER 
A WAITING GAME IN 
CAE/CAD. 


sive circuit capture/schematic design featuring 


N Ow’s THE TIME 4 unique eae a data past Redboard— 
TO MAKE YOUR MOVE oie cmon ee eatin eek eign 
TO REDCAD. rule checking. 


Together, they transform your IBM PC® into 


It's no easy game deciding when to move a full engineering workstation that’s fast, 
into CAE/CAD. Venture too quickly, you run affordable, and easy to use. 
the risk of obsolescence. Delay too long, you So stop waiting. Move to REDCAD...your 


fall behind the competition. 
Until now... by advanc- 
ing your PCB design to 
REDCAD, you put your- 
self on the proven path 
to shorter design time, 
greater accuracy, higher 
productivity, and much 
improved documentation. 
REDCAD brings into play 


two powerhouse packages. Westford, MA 01886 
Redlog— for comprehen- Tel: (617) 692-4900 
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winning strategy for design 
success. Call us for a 
demonstration. 


Lyberty Way 


Creative solutions from the General. 


WHO DELIVERS 
PWMS IN CERAMIC, 


PLASTIC AND 


SURFACE MOUNT? 


THE GENERAL DOES. 


Isnt that 
ie, just what you 
Beer | would expect 
© from the inventor 
of the pulse 
width modulator? 
Now we are in the third generation 
of PWMs8 with a truly broad line. Fourth 
generation parts are on their way. 
The General processes PWM's to 883B, 
Rev. C and Class S. All standard package types 
are offered including SOIC, LCC, and PLCC. 
All parts are available on short lead 
times. Sample quantities for evaluation pur- 
poses can be shipped immediately. 


Built in QPL Plant. 

You are assured quality. MIL-M-38510 
approval has been granted for our plant 
to produce JAN parts. JAN products include 
the MIL-M-38510/10103 BGA and the 
MIL-M-38510/13001 BEA. 


A PRODUCT MATRIX TOBUILDBY. Procedures devel- 


oped by Silicon 
General to achieve 
this status include 
quality assurance, 
testing, burn-in, 
careful assembly 
and fabrication 
programs and 
other elements 

of high reliability manufacturing technology. 


“available Dec. 1986 


New catalog available. 

Ask for your free copy, please address 
Silicon General, 11861 Western Ave., Garden 
Grove, CA 92641. Phone (714) 898-8121. 

TWX 910-596-1804. FAX (714) 893-2570. 


SILICON 
GENERAL 
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YEARS FROM 
OW WILL 
YOUR MILITARY 
SUPPLIER BE 
JUST ABAD 
MEMORY? 


It’s no secret—there’s a lot of uncertainty in the marketplace. You never know if the company you’re dealing 
with today will still be around to service you tomorrow. And that’s a chance you can’t take—especially in 
the military market. 

With INMOS, you’re not taking any chances. We have a seven-year history of supporting all major 
military defense programs with static and dynamic RAMs. Our fabrication facilities are fully compliant with 
MIL-STD-883C; with military burn-in, performance testing and quality assurance conducted in Colorado Springs. 

We have your future in mind with our new CMOS military SRAMs (with pertormance to 35ns over the full 
military temperature range) and military low power battery backup CMOS SRAM products. We're the only 
company in the world to produce 64K and 256K DRAMs with RAS access times down to 80ns, and we're going 
to keep on producing and servicing innovative military products year atter year. 

For military products you can depend on, count on INNOS—the beginning of a very good memory. 


64K CMOS SRAMs MILITARY DRAMs 
Device |Access Times RAS Access Times 


45,55, 7Ons IMS2600M (64Kx1) {NMOS }100, 120, 15Ons 

45,55, 7Ons IMS2800M (256Kx1) | CMOS |80, 100, 120, 150ns 
45,55, 7Ons IMS2801M (256Kx1) |CMOS }80, 100, 120, 150ns 
45,55, 70ns 


16K SRAMs 


Device Process|Access Times 


IMS1400M (x1) |NMOS |45, 55, 7Ons 
IMS1420M (x4) |NMOS |45, 55, 7Ons 
IMS1403M (x1)* |CMOS |35, 45, SSns 
IMS1423M (x4) |CMOS |35, 45, SSns 


IMS1600M (x1)* 
IMS1620M {x4)* 
IMS1624M (OE, x4)* 
IMS1630M (x8)* 


> inmos 


INMOS, Colorado Springs, Colorado, Tel. (303) 630-4000; 
Bristol, England, Tel. (0454) 616616; 
Paris, France, lel. (1) 46.87.22.01; 
Munich, Germany, Tel. (089) 319 10 28; 
Tokyo, Japan, Tel. 03-505-2840. 13 
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RFI and RC Units, Metallized Polyester, Precision 
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Thousands of 
engineers have 
found our previous 
catalogs to be their 
ideal reference books 
for high-quality, long-life 
Capacitors. : 

This new edition is the Tene 
best yet. 

Not just a catalog, its a 
complete applications encyclopedia, 
with all the facts and all the help you 
need, attractively and professionally 
laid out. 

The technical data and performance 
Claims are conservative and guaranteed- _ 
RIFA gives you promises, not wishes. —s_—~©” 
If you need Electrolytic, Metallized Paper, - 


_ Polypropylene and Polystyrene, Pulse and Power | 

Snubber Capacitors for example, send for your copy 0 

_ the RIFA 1986 Capacitor Catalog. | 

__ Design RIFA into your products and d you 
of ong life ang ey 
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Designing Is a Breeze 
with Lundy’s New UltraGraf* II 


No matter what business you're in, 
sluggish productivity could blow you— 
and your profits—away. But now, thanks 
to Lundy’s new UltraGraf® Il, there's an 
economical way to fight back. UltraGraf® 
ll is an intelligent 3-D graphics worksta- 
tion with features and functions that help 
you breeze through intricate designs. 


Exceptional Quality and Performance 


What sets UltraGraf® II apart from 
other workstations in its price range is its 
exceptional quality and performance. 
That’s because Lundy engineers have 
developed extremely efficient vector and 
hardware processors that permit fast, 
high resolution design. And unlike many 
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other workstations, UltraGraf® II is highly 
intelligent. So functions such as 3-D 
translation, rotation, and scaling are per- 
formed locally, increasing design speed 
even further while freeing your host. The 
result is fast, high quality design that 
helps keep rigid development schedules 
firmly on course. 

A wide variety of options and ac- 
cessories are available to help make 
graphics design as convenient as possi- 
ble. And as with all Lundy products, 
UltraGraf® Il is backed by our customer 
service and support network, one of the 
largest in the industry. 

This combination of speed, intel- 
ligence, responsiveness, economy, Op- 
tions, accessories, service and support 
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make UltraGraf® II the ideal choice for 
mechanical design and drafting, archi- 
tectural engineering, finite element anal- 
ysis, robotics, and other applications that 
require high resolution display. 

So don’t let sluggish design productiv- 
ity take the wind out of your sails. Fight 
back with UltraGraf® Il. 

Contact: Graphics Marketing, 

Lundy Electronics & Systems, Inc. 
1 Robert Lane, Glen Head, N.Y 11545 
(516) 671-9000. 
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What a season! 

Advanced Micro Devices has delivered sixty- 
four new products in fifty-two weeks. At least one 
a week every week. On the shelf. In volume. 

32-bits. CMOS. Peripherals. ISDN. Micro- 
processors. Graphics. Networking. EPROMs. 
EEPROMs. Super-fast RAMs. 

How did we do it? 

We took a group of gifted, motivated people. 
Gave them a nearly impossible goal. Then backed 
them with the R&D dollars needed to get the 
job done. 

And luck? Sure. You don't go sixty-four for fifty- 
two without luck. But as someone once said, 
“Success is when opportunity meets preparation: 


Advanced Micro Devices c" 


For more information, contact the sales agent nearest you or write the word © 
“Fifty-three” on your letterhead and mail to Advanced Micro Devices, Mail Operations, 
P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 
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> programming of 
| _ Stag’ s 21308 


“ePowertul easy-to-use editing capability # Supat fast programming speed 


- @Stand alone or | 
@Handler interfac 
formats include JE 

_ software compiler 488 nd 


and prochiction & enviror ments. Salient among these are: 


ndle r “contol interface ports 


| standard @Expal LDIF and a range of 


: - surface mounted c 


“GAL is a trademark of the Lattice Corp. 
“CUPL is a trademark of Assisted Technology: 
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When your design calls for an A/D con- 
verter fast enough to capture a high-speed 
signal for the most accurate data analysis, 
look to TRW. 


TRW LSI Products Division, the industry 
leader in high-performance A/D con- 
verters introduces the TDC1025. This 
member of our converter family is an 


full operating temperature range of 0°C 
to 70 °C (ambient). 


The TDC1025 offers the fastest speed and 
highest resolution ever available in a mono- 
lithic chip, with a significant cost advan- 
tage that will help keep your design 

costs down. There is also an evaluation 
board (TDC1025EIC) available for the 


8-bit, SOMSPS flash A/D converter capable TDC1025 in a standard Eurocard format. 


of capturing a 2V (max) analog signal with 
full-power frequency components up to 
12.5MHz. No sample-and-hold amplifier 
is required. All digital inputs and outputs 
are differential ECL compatible. This 
performance breakthrough is made pos- 
sible by our proven one-micron bipolar 
OMICRON-B™ process. 


Our A/D converter operates from a single 

-5.2V power supply, and is available in a 68 
contact or leaded chip carrier. All perform- 
ance specifications are guaranteed over the 


It provides all the necessary peripheral 
circuitry which allows for quick and con- 
venient operation of the device. 


In addition, TRW LSI gives you all the 
support you need with field and in-house 
application engineers, application notes 
and a full line VLSI DATA BOOK. 


Use the TDC10235 in applications such as 
digital oscilloscopes, transient recorders, 
automatic test equipment and high- 
speed radar systems. The TDC1025 and 
TDC1025EIC are available off the shelf 


from Arrow Electronics, Hall-Mark and 
Hamilton/Avnet. 


Remember, you always get 
FULL SPEC PERFORMANCE 
from TRW LSI. 


To capture a data sheet, or for super-fast 
information, call or write our Literature 
Service Department: 


LSI Products Division, 

TRW Electronic Components Group, 
PO. Box 2472, La Jolla, CA 92038, 
619.457.1000 


©TRW Inc. 1985—TRS-5101 


LSI Products Division 
TRW Electronic Components Group 


NEWS BREAKS: INTERNATIONAL 


BY PETER HAROLD 


SINGLE IC PROVIDES 8-CHANNEL DATA ACQUISITION 


Integrating an 8-input analog signal multiplexer, an 8-bit 2O0-usec A/D converter, an 
8x8-bit RAM, and control logic into a 28-pin IC, the ZN437 from Ferranti (Oldham, 
UK, TLX 668038) provides data-acquisition functions for pP-based systems. You can 
program the device to automatically execute single- or multiple-channel A/D conver- 
sions; the results are stored in the on-chip RAM. The ZN437 is available in two ver- 
sions with linearity errors of + or +1 LSB. The multiplexer’s analog inputs accept 
inputs between —0.5 and +3.5V and draw a typical input bias current of 10 nA. Digital 
I/O is TTL/CMOS compatible, and the device operates from a 5V Supply anda —2 to 
—d0OV supply. Available in commercial- or military-grade versions, the ZN437 costs 
£8.20 (100) for a commercial-grade version with +1-LSB linearity. 


IBM PC/AT-COMPATIBLE COMPUTER SUITS INDUSTRIAL USE 


Ruggedized for use in industrial environments, the IP286 portable personal com- 
puter from Kontron Computer (Eching, West Germany, TLX 526719) features IBM 
PC/AT compatibility. It comes fully encased in a metal enclosure, which is ventilated 
with excess-pressure filtered air to prevent dust and dirt from entering. The PC 
operates over a 5 to 45°C temperature range. In addition to the normal status in- 
dicators, it has overtemperature and supply-voltage indicators. Its 80286 processor 
operates at 10 MHz, and the mother board has 1M byte of zero-wait-state RAM and a 
socket for an optional 80287 math coprocessor. Equipped with a 10-in. monochrome 
monitor and detachable keyboard, the computer is available with two 3%-in. IBM- 
compatible floppy-disk drives or one floppy-disk drive and a “OM-byte hard-disk drive. 
The hard-disk version sells for $7500. 


644-DIGIT DMM FEATURES 20 MATH FUNCTIONS | 


The Model 6031 digital multimeter from Prema (Mainz, West Germany, TLX 4187666) 
allows you to select integration times in the 20-msec to 20-sec range, with correspon- 
ding increases in scale length from 4% to 6% digits. Basic 1-year dc-voltage and 
resistance accuracy is 0.003%. The DMM also measures true-rms ac volts, dc current, 
or true-rms ac current to 2A, and temperatures between —200 and +850°C with 
0.01°C resolution. You can process measured readings through as many as four math 
programs, selected from a 20-program menu that includes linear, logarithmic, 
trigonometric, polynomial, and statistical-analysis functions. A 20-channel scanner 
option plus an IEHE-488 printer allow you to convert the DMM into a stand-alone data 
logger. Alternatively, you can remotely control the DMM and scanner option via the in- 
strument’s IREE-488 bus interface. The 6031 costs around DM 7000. 


SOFTWARE PACKAGE LINKS SIMULATORS TO ATE 


Costing approximately £40,000, the ITG (Intelligent Test Generation) software 
package from Factron-Schlumberger (Wimborne, UK, TLX 41436) translates the 
circuit-simulation data generated by CAE workstations or VAX-based simulators into 
test vectors that will run on the company’s 720 performance test system. During the 
translation process, the software compresses the simulation data to fit the architecture 
and capabilities of the test system, thereby minimizing board test times. Before pro- 
cessing by the test generation software, simulation data is converted to a CADDIF- 
standard data format. Initially, data-conversion packages are available to link the ITG 
package with Cadat and Lasar simulators. The company is investigating links to other 
simulators. 
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Options. No other ASIC company is able 
to pack more logic, memory, processors or 
peripheral controllers on a single IC. 
Integration. No ASIC supplier is better 
equipped to integrate large functional 
_ blocks in 2 um and 3 wm geometries. 
Speed and total control. No matter 


how unique your application or how 
elaborate, NCR puts the design tools 
in your hands to combine standard 
cells, supercells and compiled cells faster 
than you ever thought possible. 
@ = First-pass success. And we don't mean 


design starts. Or prototypes. We mean one of the 
highest design-into-production success rates of 
any ASIC supplier on the planet. 
Long-range migration strategy. NCR 
helps prevent technology obsolescence. 
Your design evolves without the usual 
growing pains and without going 
A OC Weer $= through lengthy re-design cycles. 

. ~~ O - The competitive edge. NCR 
CK ate provides you with the CAD tools 
that can build a chip with 
functions and densities that 
¢ _outrival the competition. 

| on Pate 8 =A great track record. NCR 
ANALOG “ey 9 098.6 O66 takes devices all the way from 
ni , IA erie = (Concept through fabrication. 
On-time. On- budget. 
1] you have to do is say when. 

Call 303-226-9500 for our 
act-filled ASIC data package. 
Or write Commercial ASIC 
Products, 2001 Danfield Court, 
Ft. Collins, CO 80525. 


EEPROM 


(NCR Microelectronics Division 
©1986 
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one-piece design defies rough handling 


Check these features: 


V Each unit undergoes high-impact shock test 
V Available from 1 to 40 dB 

Y DC to 1500 MHz 

Vv Unexcelled temperature stability, .002 dB/°C 
¥ 2W max. input power (SMA is 0.5W) 

VY BNC, SMA, N and TNC models 

V Immediate delivery, 1-yr. guarantee 


Precision 50-ohm terminations ... only $6.95 (1-24) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (model TTRM-50) 

SMA (model STRM-50), N (model NTRM-50) 


A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 


C92 REV.B 
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*Freq. Atten. Tol. 


(MHz) 


Atten. Change, (Typ.) 
over Freq. Range 


VSWR (Max.) 


1000-1500 MHz 
+0.3 1.5 


*DC-1000 MHz (all 75 ohm or 30 dB models) | DC-500 MHz (all 40 dB models) 


DC-1500 MHz 


MODEL AVAILABILITY 
Model no. =a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series, 3 dB attenuation. 

@ denotes 75 ohms; add —75 to model no. 

@ denotes 50 ohms 


ATTEN SAT 


-_— 


SMA) CAT (BNC) (N) TAT (TNC) 


©COCCCOCOCOCOCOCOCCOCOC®S 
e°o 
Zz 
ecoeeeeececeoccocoe = 
Ccoeoeeeeeoeoeeeeee 


1 
2 
3 
4 
a: 
6 
7 
8 
9 
10 
12 
15 
20 
30 
40 


PRICING (1-49 qty.): CAT (BNC)..$11.95, SAT (SMA)..$14.95 


TAT (TNC)..$12.95, NAT (N)..$15.95 
EDN October 2, 1986 


3 KHz-800 MHz 
over 50 off-the-shelf models 


from %29° 


Choose impedance ratios from 1:1 up to 36:1, 

connector or pin versions (plastic or metal case built 

to meet MIL-T-21038 and MIL-T-55831 requirements”). 
Fast risetime and low droop for pulse applications; 

up to 1000M ohms (insulation resistance) and up to 1000V 
(dielectric withstanding voltage). Available for 

immediate delivery with one-year guarantee. 


Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 


*units are not QPL listed 


A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 6201 56 


C71 Rev. Orig. 
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VITELIC INTRODUCES A TRUE 
CMOS DUAL PORT MEMORY 


You used to have only two choices. 

If you wanted dual port memory, you could 
either build it yourself. Or buy the only inte- 
grated dual port memory product on the market. 

Either way, that wasn’t much of a choice. 
And quite frankly, we kept hearing how much 
more you wanted. 

That's why Vitelic is rolling out an extensive 
dual port SRAM family. You asked us for a lot 
more features than what your current 
options provided. 

And you wanted to add these features 
cost-effectively. Which is why we offer a broad 
range of parts— from our high-performance 
V61C32 to our low-cost V61C35. 

What about making your designs simpler? 
No problem. Our dual ports deliver fully 
asynchronous operation. 

You also wanted your system to run faster. 
SO we engineered fast simultaneous access 
of acommon memory from both ports for 
enhanced throughput. | 

To guarantee data integrity, we offer 
on-chip arbitration logic. And for those of you 
who requested a part for battery backup 
operation, we feature 2-volt data retention 
through the use of our exclusive VICMOS 
full CMOS memory cell approach. 


In addition, we offer a full line of CMOS 
memory parts. From SRAMs with densities of 


Our CMOS design 16K, 64K, and 256K 
also provides low 2kx8 |V61C32 | Arbitrated, Busy Flag 55/70/90ns | NOW and speeds as fast as 
power for your owalPon | 2Kx8 | voiced | aritater Senanton 95/70/90n 29 TO EMOS 
battery-operated me tholes Arbitrated, Turbomode 30/35/45ns DRAMSs with densities 
designs. And of 64K, 256K, and 1M. 
extended temper- CMOS And there's a lot 
ature ranges for Serra Likes 4086 more to look forward 


Choices |1Kx9 


applications in 

harsh environments. 
Then you asked for a manufacturer that 

wouldn't forget about you after the sale. 

So Vitelic provides ongoing Applications 

Engineering Assistance to help you build 

faster, better, and smarter systems. 


V61C02 | Zero Fall-Through Time 25/35/50ns 
V61C03 | Zero Fall-Through Time 15/20/25ns 


AS tofromVitelic. Like 
our dual port DRAM by the middle of next 
year. And a family of FIFO later this year. 

To find out more about our dual port family 
or other CMOS memory, just give Vitelic a call at 
(408) 433-6012. We'll listen to you. Just like 
we always have. 
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Taking The Lead 
In Advanced CMOS Memory. 
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At last, the ordinary 
microprocessor 


can take its rightful 
place in histo 


WiNiued aula 


Ithadto happen—the conventional microprocessor 
has had its day. Relegated to the ranks of yesterday's 
devices by the new transputer family from INMOS. It's 
history in the making. 

The IMS 1414 transputer is a fast, easy-to-use VLSI 
component, integrating a 32-bit processor, tour inter- 
transputer communication links, 2K bytes Static RAM, 
32-bit memory interface and DRAM controller. Allon a 
single CMOS chip—ottering execution rates up to 
10 MIPs. 

While transputers excel in single-processor 
systems, their real power can be unleashed by 
connecting any number of transputers together via 
the high-speed serial links. Multi-transputer systems 
can deliver the performance you need today, and can 
be easily expanded in the tuture as your processing 
requirements increase. 

And there’s more. Programming multiprocessor 
systems has never been easier. The Transputer 
Development System (TDS) supports C, Fortran, Pascal 
and OCCAM, providing a complete software 
development environment, and is available tor a 
number of popular hosts. Software developed on the 
TDS can be executed on one or more transputers, 
enabling cost-performance tradeofts to be made. 

INMOS transputers are available now and have 
already found their way into companies who are 
evaluating, prototyping and manutacturing transputer- 
based systems. Applications include supercomputers, 
DSP, graphics, robotics, Al, distributed control systems, 
PC’s, engineering workstations and many others. 

Write or phone for more information on the 
transputer family and start making history yourselt. 


IMS 1414 32 bit Transputer—2Kbyte —4 links 
IMS 1212 16 bit Transputer—2Kbyte —4 links 
IMS M212 | 16bitDiscProcessor—1Kbyte—2 links 


IMS D701-2 IBM PC—Transputer Development System. 
| IMS D600 _ VAX/VMS—Transputer Development System. 


IMS BO02-2 | Double Eurocard + IMS 17414 + 2Mbyte DRAM + 2x RS232. 
IMS BOO3- 1 Double Eurocard + 4x IMS 1414 + 4x 256Kbyte DRAM. 
IMS B004-2 IBM PC Format + IMS 1414 + 2Mbyte DRAM. 

IMS BO06-2 Double Eurocard + 9xIMS 1212 + 128Kbyte SRAM. 


Mbyte DRAM + 0.5Mbyte VideoRAM 


IMS B007-1 _| Double Eurocard + | 


14K CMOS SRAM, 25-45ns, 64K CMOS SRAM, 35-70ns 
956K CMOS DRAM, 60-100ns 


Ee IRANSPUIEN 


PARALLEL PROCESSING. UNPARALLELED POTENTIAL. 


INMOS, P.O. Box 16000, Colorado Springs, CO 80935, Tel. (303) 630-4000; 
Bristol, England, Tel. 454-616616; Paris, France, Tel. (14) 687-2201; 
Munich, Germany, Tel. (089) 319-1028; Tokyo, Japan, Tel. 03-505-2840. 
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SIGNALS & NOISE 


We goofed 


If you had trouble following the 
article “Increased scale lengths, 
math functions make handheld 
DMMs general-purpose R&D 
tools,” which appeared in EDN’s 
September 4 issue (pg 61), you’re 
not alone: The article contained a 
pagination error. Pages 64 and 66 
of the article were inadvertently 
transposed during the magazine 
production process. We apologize 
for whatever confusion the error 
may have caused. 


Engineers can find work 
in nonmilitary areas 


Dear Editor: 

I want to commend the editors of 
EDN, and Deborah Asbrand espe- 
cially, for the very helpful Profes- 
sional Issues article “As engineers’ 
social consciousness matures, con- 


How 
tomake 


millions. 


30 


cerned groups act as the guiding 
light,” which appeared in the July 
10 issue of EDN. 

In my years as an aerospace engi- 
neer, I have personally known sev- 
eral coworkers who had misgivings 
about working on military projects, 
particularly when a radical right- 
wing administration such as Rea- 
gan’s was in charge. Such individu- 
als should know that they do not 
have to discard their careers alto- 
gether, but can find conscionable 
employment in a _ variety of 
nonmilitary areas. More important- 
ly still, the article may have awak- 
ened a sense of uneasiness in many 
engineers now working on war proj- 
ects. And finally, your message 
might even cut down on employee 
intimidation by corporate manage- 
ment, examples of which are known 
to me personally. 

Should you decide to publish this 
letter, please withhold my name. 


It's easy to produce a few PC 
boards. It’s a lot tougher to manulachae 
millions of them — each one with the 
same high quality. 

We produce porcelain enameled 
metal substrates in very high volume. 
Our substrates bring superior accuracy, 
rigidity, strength and shock resistance 
to printed and hybrid microelectronic 
circuit boards. 


CIRCLE NO 8 


This country’s democracy has not 
yet evolved sufficiently to guarantee 
both freedom of expression and job 
retention to an aerospace worker. 
Name withheld 


Questionable definition of 
“mature social consciousness”’ 


Dear Editor: 
I read with interest the Professional 
Issues section of the July 10 issue of 
EDN, which stressed the “Maturing 
social consciousness” of engineers. I 
noted Messrs Hochberg, Brown, 
and Unger’s qualms about working 
on weapons systems. Meanwhile, at 
the end of the article, Messrs Welch 
and Benenson were happily assist- 
ing the government of Nicaragua in 
augmenting its data-processing ca- 
pabilities. 

Apparently, it’s a sign of “mature 
social consciousness” when an engi- 


neer thinks that developing weap- 
Cone on pg 34 


Designers also ask us for the 
impossible. Such as 14” to 24” sizes. 


Or small boards ganged for multiple 
up printing. 

If you need volume, size and the 
advantages of a metal substrate — we're 
worth a look. Call or write Ferro-ECA 
Electronics Company, 3130 West 22nd 
Street, PO. Box 8305, Erie, PA 16505, 
(814) 838-2520, 
Telex 386718. 


FERRO-ECA Electronics Company 
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Sprague is your source for discrete semiconductors: For bipolar or junction 
field-effect transistors. for Darlingtons, diodes, Zeners, MOS capacitors, transistor 
and diode arrays. In TO-92, SOT 23, 14- and 
ssi 16-pin DIPs, metal cans, and as chips and wafers. 
Fully tested to meet your specs. Packaged to meet 
EMI SHOP your needs, including standard tape and reel formats 


For the best in servi 
@ come to us. Sprague Electric Company, a Penn Central unit, World 
Headquarters, Lexington, MA. For our new transistor an 
Sprague Electric Company, 


d Diode Data Book, write to Technical Literature Service, 


ce, 
P.O. Box 9102, Mansfield, MA 02048-9102. For applications assistance, contact our Customer 
Service Center in Concord, NH at 603/224-1961. 
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voltage mode makesit 

possible to itensify a portion of a waveform 
and make voltage measurements on 
| that segment only. OQvVersatile triggering lets 
. you trigger the main or delayed sweep on any 


of the four channels. @ Backlit control buttons 
. verify that a function is active. 


The 2246 provides direct time readout infor- 
mation when seconds is selected in cursor 


mode. You also have 1/seconds in Hz and 
phase capability. 


- Copyright © 1986, Tektronix, Inc. All rights reserved. TTA-682. 


narter, with two new 


il purpose scopes from Tek. 
“he four-channel, 100 MHz 2246 and 
2245 set the new, fast pace for mea- 
surements made daily at the bench 
yr in the field. They're easy to use 
and afford, by design. And backed 
oy Tek’s three-year warranty that 
ncludes the CRT. 

On top: the 2246 with exclusive 
ntegrated push-button measure- 
ments. Your measurements are 
accessed through easy, pop-up 
menus and implemented at the 
‘ouch of a button. Measure + peak 
volts, peak-to-peak, dc volts and 
gated volts with new hands-off con- 
venience and on-screen readout of 
values. : 

SmartCursors™ track voltmeter 
measurements in the 2246 and 
visually indicate where ground and 
trigger levels are located. Or use Cur 

sors in the manual mode for imme- 
diate, effortless measurement of 
\ waveform parameters like voltage, 

._ time, frequency, and phase. 

Both scopes build on per- 

-— formance you haven’t seen at 
\ the bandwidth or prices. Lab 
grade features include sweep 
speeds to 2 ns/div. Vertical 

sensitivity of 2 mV/div at 

full bandwidth for low-level 

signal capture. Plus trigger 
sensitivity to 0.25 div at 
50 MHz, to 0.5 div at 150 MHz. 


bare 


Conventional ATime measurement is also 
available from the menu in the 2246 for 
increased timing accuracy. Shown above: a 
ATime measurement of pulse width. 


Features 2246 2245 
Bandwidth 100 MHz 100 MHz 

No. of Channels 4 4 

Scale Factor Readout Yes Yes 
SmartCursors ™ Yes No 

Volts Cursors Yes No 


eee 


Time Cursors Yes No 


Voltmeter Yes No 
Vertical Sensitivity 2 mV/div 2 mV/div 
Max. Sweep Speed 2 ns/div 2 ns/div 


2%/2% 2%/2% 
Auto Level, Auto, Norm, TV Field, TV Line, Single 


Accuracy: Vert/Hor 
Trigger Modes 


sweep 
Trigger Level Readout Yes No 
Weight 16.5 |b/7.5 kg 16.5 |b/7.5 kg 
Warranty 3-year on parts and labor including the CRT 
Price $2400 $1875 


Best of all, high performance 
comes with unmatched conve- 
nience. You can see it and feel it—in 
the responsive controls and simple 
front-panel design, in extensive on- 
screen scale factor readouts, and in 
simplified trigger operation that 
includes Tek’s Auto Level mode for 
automatic triggering on any signal. 
Start to finish, the GPS Series saves 
steps and simplifies tasks. 

Get out in front! Call toll-free today 
to order, to get more details or a 


: videotape demonstration. 
The 2246 also makes it possible to measure 
either AVolts or absolute volts from ground. 1-800-433-2323 
In Oregon, call collect 
1-627-9000 


Tektrond< 
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Linear Voltage 

e No Soft Solder 
Packa QS © Meets MIL-Std-883 

e —99° to +125°C Operation 
Packaged in copper TO-3 cases, typical specifications include: 


¢ No Monolithic IC’s 
The unique design of Solitron’s hi-rel Linear Voltage Regulators 
[Soltron Part wumbers | Vour [Vin Max.[ _tknee | tshor okt 


C Op p e r ¢ No Oscillation 
e Radiation Resistant 
eliminates electrical, mechanical and environmental problems. 
cas 


OUT 


= ae 
es 


Tar [ease [ oa | 


Po (WATTS) 
manona 
anonesaoa 


0 25 50 75 100125 
Tease(°©) 


NOTES: 
1. Conditions listed apply from —55°C to +125°C. 
2. Tolerances indicated reflect the sum of all changes in Vout due to line, load and temperature. 
3. Voyz tolerances of +1% and +2% available upon request. 
4. Voy tolerance at +25°C = +1%. 
J. Ripple rejection = 55 db min. 
6. | (quiescent) = 50 Ma max. 
7. Oy = 1°C/W typical. 
8. Ordering information: Part numbers listed in table are for configuration A; for configuration B add 
Suffix R to part number listed in the table (i.e. CJSE 039R). 
9. For space savings, multiple regulators can be supplied in a common copper flatpack. 
10. Output voltages from +2V to + 50V available upon request. 
11. Higher currents up to 50A available in copper flatpacks. 
12. Higher short circuit current values available upon request. 


Jolitron 


DEVICES, INC. 


1177 Blue Heron Boulevard 

Riviera Beach, FL 33404, U.S.A. 
Tel: (305) 848-4311 © WATS: (800) 327-8462 
TWX: (510) 952-7610 © Telex: 51-3435 
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ons for the defense of a democratic 
nation is bad, and that developing 
weapons (better data-processing ca- 
pability) for a totalitarian nation 
(Nicaragua) so it can keep track of 
dissidents and malcontents is good. 
An interesting world view, to say 
the least. 

Concern about the consequences 
of an engineer’s work should be ap-_ 
plied equally to all the fruits of his 
or her labor, and not applied selec- 
tively on the basis of ideology or 
immediacy of effects. Providing the 
means to enslave a civilian for later 
interrogation, torture, or death is 
not better than providing the means 
to kill or wound a soldier. 
Sincerely yours, 

Pete Simmons 
Los Angeles, CA 


Corrections 


On pg 114 of the June 26 issue, EDN 
incorrectly states that Iskra’s 
(Farmingdale, NY) VMEx 286 and 
VMEx J-11 “are the first CPU 
boards to bring the 80286 and J-11 
Ps to the VME Bus.” In fact, the 
VME-1120D, which Logical Design 
Group (Raleigh, NC) introduced in 
1985, includes a J-11 pP (see EDN, 
October 3, 1985, pg 104). 

The article “DSP-filter software 
offers design help to novices” 
(EDN, July 10, pg 152) quotes an 
incorrect price for Signix Corp’s 
Dispro software. The correct price 
for the complete Dispro version 1.5 
package is $995. The software is 
also available in modular form. 


YOUR TURN 


EDN’s Signals and Noise column pro- 
vides a forum for readers to express 
their opinions on issues raised in the 
magazine's articles or on any topic that 
affects the engineering industry. Send 


your letters to the Signals and Noise 
Editor, 275 Washington St, Newton, 
MA 02158. We welcome all comments, 
pro or con. All letters must be signed, 
but we will withhold your name upon 
request. We reserve the right to edit let- 
ters for space and clarity. 
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Tomorrow’s systems require 
ever-increasing performance 
from cache, control store, 
buffer and program memory. 
Committed to meeting these 
requirements, Mitsubishi’s 
erowing family of CMOS static 
RAMs offers a selection of 
organizations, densities and 
speeds for high performance, 
optimum board density and 
low power dissipation. Real 
choices, with more to come. 
Now, the newest members 
of Mitsubishi’s SRAM family, 
the M5M5187, M5M5188 and 
M5M5256, combine the 


advantages of resistor load 


memory cells with CMOS 


peripheral logic, to give you the 


speed you need at the power 
dissipation you want. 
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Mitsubishi Offers 
Fast Access 
For Large Memories. 


Fast SRAM Product Selection Guide 


Access Time Package Types 


Omak (25 35 45 55 70 65 100 120° 150| Plastic ‘eadlems Sine 

ization |ns ns ms ns ms ns ns ns ns DIP Chip Outline 

Carrier Packag 

a Pk; 2 


(300 mil wide 
& 600 mil wide) 


M5M5179* | 8Kx9 


p 
* * Also available in 24 pin version with output enable (OE) function. 


Fast solutions for your high 
speed memory applications are 
organization in both 28 pin available today from Mitsubishi. 
DIP and small outline pack- For technical data, call or 
ages. Additionally, 64K xland — write Mitsubishi Electronics 
16K x 4 organizations are avail: America, Inc., Semiconductor 
able in 22 pin DIP 300 mil) or _ Division, 1050 East Arques 
leadless chip carriers. Avenue, Sunnyvale, CA 94086. 
(408) 730-5900, Ext. 2314. 


MITSUBISHI 
ELECTRONICS 
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You can optimize board lay- 


out with Mitsubishi’s 32K x 8 


PC-BASEL 


DEVELOPMENT SYSTEMS 


FOR 8051 OR 630° 


MICROCONTROLLERS 


Ashling Systems Architecture 
contains all of the hardware and 
software tools for microcontroller 
development within an integrated 
PC-based environment. Our 
commitment to compatibility 
enhances your systems options. 


Designing with 8051 or 6301 ? Start here: 
Our PC-based microcontroller development 


systems integrate program development, in-circuit 


emulation and PROM programming for Intel 8051 
or Hitachi 6307 family devices. They're easy to 
use: the Ashling MDS user interface is presented 
on the PC’s screen, using command lists and 
Clear user messages, allowing operation without 
reference to manuals. And packed with features: 


| Test File 
| Automation 


WWMM 
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LJ runs on IBM PC/XT/AT 
or compatibles 

_] full-screen ‘windowing’ 
text editor 

_| high-speed relocatable 
macroassembler 

LJ] linker/locator software 

_] fully symbolic software 
for custom assembler 
and emulator symbols 


_| group file/function-key 
control for single- 
keystroke debug 
sequences 

_] file transfer option for 
Intel/Hitachi/Motorola 
MDSs preserves 
existing program 
investment 

_} compatible with 
PL/M-51 

L} compatible with 8051 or 
6301 C compilers 

LI real-time logic state 
trace with symbolic 
software 

L| program timer/ 
breakpoint timer 

|_| separate 8051-family 
program & data 
emulation memory 

LJ built-in EPROM 
programmer for all 
common NMOS and 
CMOS devices 


L] EPROM programming 
support for 8751 and 
63701 ‘ZTAT’ 
microcontrollers 

L] MDSs available for: 

6301X/6301 Y/6303R 
8031/8051 
8032/8052 
8044/8344 

L] comes with power 
supply, cables, carrying 
case 


Software development 
Software Development 
Systems are supplied as 
Standard with our 
Microcontroller 
Development Systems, or 
may be purchased 
separately. Each SDS 
consists of a full-screen 
text editor, high-speed 
relocatable 
macroassembler, linker/ 
locator, and file conversion 
utilities for: 


[1] SDS8051 (Intel 8051/ 
8052/8044) 

L) SDS6301 (Hitachi 
6301/6801) 

L] SDS80515 (Siemens 
80515/80535) 


With the Ashling emulator’s 
powertul trace, you can even 
trigger on symbols! 
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Ashling Microsystems Is 
Jedicated to making 
Jevelooment systems and 
ools for microcontrollers 
and application-specific 
Cs, based around 
ndustry-standard 
9ersonal computers and 
software. This allows us to 
orovide highly integrated 
MDSs with both ease of 
use and an outstanding 
orice:performance ratio. 


Ashling ASE 


Contact your local 
distributor or Ashling for 
a brochure, or request 

an IBM-compatible 
demonstration floppy disk 
which illustrates our 
systems. 


The Development Systems Company 


Ashling Microsystems 

Limited, Enterprise House, 

Plassey Technological Park, 

Limerick, Ireland. Telephone: 

: oo : — diph be (International) +353 61 

— DELAY JEST TR | : page t | ©... 334466. Telex: 70357 
Se “a a , a a |i ASHL El. Fax: +353 67 

es eee Poa | 334477. 


Distributors: Belgium Air-Parts 
_ Electronics: (02) 2416460; France 
| 2M: (1) 39.54.91.13, or Tekelec- 
eeeeeregeees: eegcrtl = Airtronic: (1) 45.34.75.35; Israel 
pevenesavenssoorenge | R.D.T. Electronics Engineering: (03) 
483211; Italy Elettronucleonica: (02) 
4982451; Netherlands Air-Parts 
International: (01720) 43221; 
Se Norway Teleinstrument: (02) 
0 ape peo : | +: As 789460; Spain Instrumatic Espanola: 
seES = es a ' : p : (91) 455 8112; Sweden Aktiv 
' = | ¢ LL oyseoseonay ff Elektronik: (08) 7390045; 
ig TEETE , Switzerland Instrumatic (01) 
; | 7231410; UK Instrumatic: (06284) 
. 76741; W Germany /nstrumatic 
TLAARREREEELEL ELLE Electronic Systems: (089) 858020. 


Hitachi and ZTAT are registered trademarks 
Pee ae ac 1 ofHitachi Ltd., IBM is a registered trademark 
= 1 of/BM Corporation; Intel is a registered 
| trademark of Intel Corporation. Siemens is a 
registered trademark of Siemens AG. 


- Opeode fetch 
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PERFORMANCE 

YOU CAN COUNT ON: 
TO 7GHz BIPOLAR 
OR T90MHz CMOS. 


Plus, fota/ in-house capability — 
from design and mask-making, 
through water fabrication, to packaging 
and testing. With state-of-the-art 
equipment and facilities to match 
anyone's . . . anywhere. 

And CAD software tools that make 
first-pass success a reality, not just a 


It's a fact worth shouting about: 
VIC offers more high-performance 
ASIC solutions than any other vendor. 
Both bipolar and CMOS. 

Our advanced processes give 
you the performance specs you need 
to meet your most demanding 
applications. And your most 


demanding requirement: staying possibility. 
competitive in today’s tough VIC lets you choose from three 
marketplace. basic approaches: 


L) Gate array/analog master chip 
C1 Standard cell libraries 
LI Silicon compilation 

You can also choose your design 
approach: : 
CJ Your own staff 
CL) VIC-authorized design centers 
CJ) VIC factory-based designers 
C1 Ora combination 


But, VTC gives you even more to 
count on. Not the least of which is 
experience: 20 years in IC design and 
manufacturing to be exact. Which 
means our quality and reliability have 
been proven hundreds of times over. 


VTC Incorporated 
~On the Silicon Frontier”. . 
38 


Use our proven CAD tools on your 
choice of workstations, including the 
IBM PC AT™ or compatible, Mentor 
Graphics™, DEC VAX™, and the 
Genesil™ Silicon Complier. 

And, choose your packaging from 
one of the best selections available 
today. 

Our BasicASIC™ family already 
includes eight high-performance ASIC 
Solutions, with more on the way — all 
available in commercial or military 
temp ranges. 

This wide choice of options, plus 


our total in-house capability, really make 


VTC your one-stop high-performance 
ASIC source. 


HIGH-PERFORMANCE 
BIPOLAR ASIC 
SOLUTIONS: 


1GHz Analog Master 
Chip Family 
Versatile, quick-turn, cost-effective 
linear solutions — ideal for low-noise, 
high-bandwidth applications. Very 
high component counts allow 
interconnection of densely packed 
analog functions. 
CL] Three array sizes 
C1 3.0u (LHD) process 
C1) On-chip junction capacitors and 
Schottky devices 
CL) Up to 68 pins 
[) Two-layer metal 


Analog/Digital Bipolar 
Cell Library 

Easy-to-use, cell-based solutions 
for high-performance mixed analog/ 
digital systems. Standard cell 
methodology lets you concentrate on 


SCREAMING 


systems problems without concern for 

discrete IC design. 

LJ Linear functions: amps, ADCs, 
DACs, comparators 

CL] Digital functions: SSI, MSI, LSI: 
three power/speed options 

C1 Memory functions: RAM or ROM 

CJ TTL or ECL 10K 1/0 levels 

LJ Amplifier bandwidths to 200MHz 

LJ Digital clock rates to 60MHz 

CL] Component library available 

L) Laser-trimmed resistors 

LC) 3.0u (LHD) process 


High-Performance Bipolar 
Digital Cell Library 
Ultra high-speed logic functions, 
with unlimited 1/0 flexibility . . . the 
fastest digital standard cell ASIC 
solution on the market today. Single- 
chip complexities to 5000 gates, with 
demonstrated radiation hardening to 
one megarad. 
CL] 350psec propagation delays 
CJ Digital clock rates to 1GHz 
LJ ECL 10KH and TTL |/Os available 
on same chip 
LJ Suitable for +5, -5, or -5.2 volt 
power supplies 
CL 2.0u (CML) process 


High-Performance 
Analog/Digital Custom Designs 
Full custom solutions, with high- 

performance assured due to our 
advanced processes . . . for 
applications requiring high speed, 
high slew rate, low offsets, large 
power bandwidth, large output drive 
capability, fast conversion rates, 
and high packaging density. 
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FAST ASIC. 


VTC’s High-Performance 
Processes 

Linear High-Density (LHD) 
Complementary Bipolar Process (CBP) 
Current Mode Logic (CML) 

CMOS | 

CMOS II 


6GHz Analog Master 
Chip Family 
Versatile, quick-turn bipolar 
solutions — ideal for such high- 
performance applications as disk 
drive subsystems, analog signal 
processing, linear subsystems, high- 
speed video graphics, and ATE. 
C) Universal CAD interface 
(SPICE netlist) 
1 500M#z f,PNP 
1) Four array sizes 
1 2.0u (CBP) process 
1 On-chip oxide capacitors and 
Schottky devices 
1 Up to 68 pins 
© Wo-layer metal 
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Minimum Metal Switch Clock 

Geometry Layers Speed Rate 
3.0u 2 1.5ns 60MHz 
2.0u 2 500ps  350MHz 
2.0u 2 350ps 1GHz 
1.6u 2  0.8-1.5ns 75MHz 
1.0u 2 0.4-1.0ns 150MHz 


HIGH-PERFORMANCE 
CMOS ASIC 
SOLUTIONS: 


1-Micron CMOS Standard 
Cell Library 
A cost-effective, correct-the-first- 
time design methodology with proven 
CAD tools. Performance optimized for 
driving the large fanouts and long 
interconnects characteristic of 
complex, VLSI/VHSIC-oriented 
designs. 
1) 20,000+ gate-equivalent 
complexity 
1 Gate delays less than 575psec 
(2-input NAND, fanout of 2) 
C1 1.0u (CMOS I!) process 
1 Wwo-layer metal 
1) Over-the-cell routing 
1 High-performance macro families 
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Bandwidth Minimum 
F,NPN F,PNP Device Area 
1GHz 100MHz 1900p 
6GHz 500MHz 370u2 
7GHz 100MHZz 370u2 
— _ 250 
— _ 1002 


CMOS Silicon Compilation 
VTC now offers access to the 
power of the Genesil™ design system 

from Silicon Compilers, Inc. Only 

VTC can offer Genesil users the 

opportunity to design, manufacture, 

and test in a tempest-level secure 

facility. 

1) Automated layout compilation 
and routing 

C1) Rapid architectural tradeoffs 

1 1.6u (CMOS |) process 

C1 Interactive simulation and timing 
analysis 

1 Placement, pinout, and 
packaging aids 

1 Standard functions include parallel 
datapath module, RAM, ROM, 
FIFO, PLA, random logic functions, 
pads, external functions 

1 Timing checked automatically 


CMOS Gate Array 

An extensive, fully characterized 
macro library that includes multiplexers, 
decoders, priority circuits, a shifter, 


VTC’s wide choice of packaging options 
includes plastic and hermetic DIPs, 
surface mount, and PGA, plus TAB. 


up/down counter, adders, 

comparators, a 16-word read/write 

memory, and a large selection of 

simple gates and flip-flops. 

C1 Typical loaded gate delays of 
0.85ns (2-input NAND, fanout 2) 

0 1.6 (CMOS |) process 

C1 two-layer metal 

C Powerful on-chip test circuitry 

1 6K gates in matrix, plus on-chip 
maintenance system 

0 Up to 172 pins 


So, give VTC a yell. Your search 
for an ASIC vendor isn’t complete 
till you do. 

We'll send you a brochure with 
performance specs that'll have you 
screaming for joy. VIC Incorporated, 
2401 East 86th Street, Bloomington, 
MN 55420. (\n Minnesota, call: 
612/851-5200.) 


CALL 800/VTC-ASIC 
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BURR-BROWN INTRODUCES 


XTR101 


A NEW MINIATURE PRECISION 
4-20mA TRANSMITTER THAT 
CUTS INDUSTRIAL I/O COSTS 


Compact, Easy-To-Use 
It's small enough to save 
board and module space, fits 
inside many sensor housings. 
Separate span and offset 
adjustments simplify 
min/max setting. Zero 
suppression and 
elevation features let 
XTR101 handle a wide 
variety of signal types. 


. 


= 


Here's a simple, 
low-cost solution to 
problems of transmitting 
transducer and sensor 
Signals over long cable 
runs and through 
electrically noisy 
industrial environments. 
XTR101 is anew monolithic 
two-wire 4-20mA transmitter— 
a single laser-trimmed chip 
containing a high-accuracy 
instrumentation input 
amplifier, 
voltage-controlled 
Output current source, 
and dual-matched 
precision current 
reference, all package 
in a miniature 14-pin 
ceramic DIP specified 
for —40°C to +85°C 
operation. 


— Key XTR101 
Specifications 
® Inputs: 0 to 1V 
@ Vorrset: 30uV max 
@ Drift: 0.75uV/°C max 
@ Nonlinearity: 0.01% max 


Contact your sales 
representative or the 
Company for more 
information. 
Burr-Brown, 

PO Box 11400, 
Tucson, AZ 85734. 
602-746-1111. 


CURRENT 
MODE 
TRANSMITTER 


Improving Analog 
Productivity 
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lished magazine page. 


belong to you. 
If you have an appropriate article idea, please phone Jon Titus, Senior Editor, at (617) 


other technical publications—please circle number 30]. 


EDN First in Readership among Design Engineers 
and Engineering Managers in Electronics 


BURR-BROWN® 


Be An Author! 


When you write for EDN, you earn professional recognition. And you earn $75 per pub- 
EDN publishes how-to design application information that is read by more than 137,000 


electronic engineers and engineering managers worldwide. That’s an audience that could 


964-3030 or send a proposal and outline to him at 275 Washington Street, Newton, MA 
02158-1630. For a FREE EDN Writer’s Guide—with tips on how to write for EDN and 


CALENDAR 


Analog Applications Seminar, Chi- 
cago, IL. Precision Monolithics, 
1500 Space Park Dr, Santa Clara, 
CA 95054. (800) 843-1515; in CA, 
(800) 826-9664. October 14. 


Circuit Expo ’86 East, Boston, 
MA. Worldwide Convention Man- 
agement, Box 159, Libertyville, IL 
60048. (312) 362-8711. October 14 
to 16. 


Semicon/Southwest, Dallas, TX. 
Semiconductor Equipment and Ma- 
terials Institute, 805 E Middlefield 
Rd, Mountain View, CA 94043. (415) 
964-5111. October 15 to 16. 


Scan-Tech ’86, San Francisco, CA. 
Automatic Identification Manufac- 
turers, 1326 Freeport Rd, Pitts- 
burgh, PA 15238. (412) 782-1624. 
October 15 to 17. 


National Metric Conference, Chi- 
cago, IL. US Metric Association, 
10245 Andasol Ave, Northridge, CA 
91325. (818) 368-7443. October 17 
to 18. 


Unix Expo, New York, NY. Nation- 
al Expositions, 49 W 38th St, Suite 
12A, New York, NY 10018. (212) 
391-9111. October 20 to 22. 


ISTFA ’86 (International Symposi- 
um for Testing and Failure Analy- 
sis), Los Angeles, CA. American 
Society for Metals, Metals Park, OH 
44073. (216) 338-5151 x647. October 
20 to 24. 


Newport Conference on Fiber 
Optic Markets, Newport, RI. 
Kessler Marketing Intelligence, 
America’s Cup Ave at 31 Bridge St, 
Newport, RI 02840. (401) 849-6771. 
October 21 to 22. 


Flat Information Displays Confer- 
ence, San Jose, CA. International 
Planning Information, 465 Conven- 
tion Way, Suite 1, Redwood City, 
CA 94063. (415) 364-9040. October 
22 t6.20, 
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IS 
EMU 


Probably not. 


Unless it’s an in-circuit emulator 


from Sophia Systems. 

You see, with our emulators, 
you can test in real time all the 
time — without wait states — even 
during memory access. 

And that’s important. 

Because every time your emu- 
lator inserts an unnecessary wait 
state, you end up testing pieces 
of code. Instead of your system 
as a whole. 

Fortunately, Sophia Systems 
can help fill in all the gaps. With 
special features and functions 
that other emulator makers still 
haven't matched. © 

For instance, our emulators 
let you map your system's I/O 
and memory in real time. Which 


HE 
P CTURE 


YO 


ATOR 
G VING YOU 


WH LE 


means you can emulate the exact 
environment in which your soft- 
ware will run. 

Rather than approximate it. 

Next, there’s our Trace Buffer. 
At 4K by 32 bits, it holds code, 
memory and bus status informa- 
tion. So you can capture a wider 


view of what's happening and 


when. Both before and after 
a fault occurs. 

And, with as many as 24 break- 
points at your command, you 
can stop the action more often. 
Which can save you hours of look- 
ing through line after line of code. 

To complete the picture, 
Sophia Systems offers all the tools 
you need in one powerful piece 
of equipment. So you don't have 
to buy a separate PROM burner, 


2 


display monitor and keyboard to 
do your debugging. 

And as if that weren't enough, 
Sophia Systems’ emulators sup- 
port more microprocessors than 
any other universal emulator. 
Microprocessors from Intel, NEC, 
Hitachi, Motorola and more. 

So fora demonstration or more 
information, call 800/824-9294. 
In California, call 800/824-6706. 

And see what youve been 
miss ng. 


7, 
CG 
7° 
2, 
2 
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MICROPROCESSOR DEVELOPMENT 
SYSTEMS & IN-CIRCUIT EMULATORS 


U.S. & European Headquarters: Sophia Computer Systems, Inc., 3337 Kifer Road, Santa Clara, CA 95051. Corporate Headquarters: Japan, Sophia Systems Co., Ltd. NS Bldg. 2-4-1, Nishishinjuku, Shinjuki-ku, Tokyo 160. 03-348-700. © 1986, 
Sophia Computer Systems. Sophia Systems is a trademark of Sophia Computer Systems, Inc. 
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Universal & High Performance 
ross Assembler 


Support of any MPU type or word length Absolute/relocatable mixed coupling and 


XASS-V works with a D.OF (Definition recoupling 
Object File), which defines the assembly Download utility 


language syntax of the target MPU Pseudo instructions are common to all MPUs 
D.O.F's of most MPUs in the market are 
now available 


Special MPU's D.OF. can be generated by 
optional D.O.F. generator program 


High-grade section control functions are 
equivalent to the mainframes’ assemblers 


Source and cross reference listings are 
equivalent to the mainframes’ assemblers 


Powerful macro preprocessor Format conversion function, Intel HEX, 
Executable in 32-bit native mode of VAX-1] Motorola HEX and symbol table information 
series and Micro VAX-I & II 


subsidiary of Sumi 


580 N. Pasto 
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EDN serves 


electronic engineers and 


engineering managers in more than 
100 countries worldwide. 


EDIN 


CALENDAR 


South Florida Electronic Confer- 
ence and Show, Ft Lauderdale, 
FL. Magnum Productions, 25 Bow 
Circle, Suite 1, Hilton Head Island, 
SC 29928. (803) 686-3737. October 
ae t6: 23: 


Communications India ’86, Bom- 
bay, India. Industrial and Trade 
Fairs International, Oriel House, 26 
the Quadrant, Richmond, Surrey, 
TW9 1DL, UK. 01-940-6065. Octo- 
ber 26 to 28. 


International Conference of the 
iRMX Operating System Users 
Group, Portland, OR. Catherine 
Moon, Intel Corp, HF2-60, 5200 NE 
Elam Young Pkwy, Hillsboro, OR 
97124. (503) 640-7038. October 27 
to 28. 


Pacific Northwest Computer 
Graphics Conference, Eugene, 
OR. Conference Manager, Universi- 
ty of Oregon Continuation Center, 
1553 Moss St, Eugene, OR 97403. 
(800) 228-6891; in OR, (800) 824- 
2714. October 27 to 28. 


Advanced Signal Processing (short 
course), Inglewood, CA. Evolving 
Technology Institute, 3725 Talbot 
St, Suite F, San Diego, CA 92106. 
(619) 224-3788. October 27 to 29. 


IEEE Holm Conference on Elec- 
trical Contacts, Boston, MA. 
IEEE Components, Hybrids, and 
Manufacturing Technology Society, 
345 E 47th St, New York, NY 10017. 
(212) 705-7405. October 27 to 29. 


Interface International, Paris, 
France. Interface Group, 300 First 
Ave, Needham, MA 02194; (617) 
449-6600. In Europe, World Trade 
Center, Tower C, 12th floor, 
Strawinskylaan 1245, 1077xx Am- 
sterdam, The Netherlands; (31) 20- 
621941. October 27 to 29. 
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CallOurToll-Free st 


~ Custom D.C. power supp ies have virtually become UNE TT AINE i yy 

‘standards” at POWER-ONE. Over the years we have if you know the type of power supply ~ ? 
provided the most cost-effective solutions to thousands youneed,callthe appropriatenumber [Risa js 

of special requirements, with on-time delivery and below for our new Catalogs. If youneed [iin 


dependable POWER-ONE service. technical assistance, just ask. You'll get it. aa 
| LINEAR PRODUCTS 7 a 


Over 1-1/2 Million Custom Units Produced © (800) 235-5943, Ext. 113 , . 
From CALIFORNIA: (800) 421-3439, Ext. 113 


Our basic philosophy in responding to special needs 
is simple... offer the lowest possible cost and lead time Te eee ext 233 
while guaranteeing POWER-ONE quality in every unit From CALIFORNIA (800) 523-2534, Ext. 233 


we build. That's why customers worldwide have turned = : 
to POWER-ONE for answers to unique design problems. Innovators in Power Supply Technology 


And why they keep coming back. | ) Fle one 


The Right Choice for Your Product 


There is never a danger of “second-best” at POWER- L.C. Power SUPPLIES 


ONE. Since our world-approved line of standards setae MINGARE a 
; . WER-ONE LINEAR PRODUCT 
includes both linears and switchers, we not only know the 40 Calle Plano * Camarillo, CA 93010-8583 (805) 987-8741 


technology that best suits your special needs, but we have POWER-ONE SWITCHING PRODUCTS 
the capabilities to provide it! 833 Flynn Road « Camarillo, CA 93010-8702 * (805) 482-0757 


Made-~-to-measure hybrids. 


Whatever your special requirements in the area of Thick Film 
Hybrid Micro-circuits, CEI can make them to measure. 


Build them to last. And to conform to Mil Standard 8838. 


But more importantly, to conform precisely to your unique design 
parameters and specifications. 

Fully verifiable, with samples provided in as little as two weeks. 

So whether your project requires surface mounted, hermetic or 
non-hermetic chip and wire technology, you'll find few other companies, 


on-the-spot in South East Asia, who measure up to Chartered Electronics 
Industries. 


Gl @ CHARTERED 
M8 @ ELECTRONICS 
249 JALAN BOON LAY, JURONG TOWN, REPUBLIC OF SINGAPORE 2261,CABLE: DOBERMAN’ SINGAPORE. TELEX: RS 55992. RS 38951, FAX NO: 2610766 TEL:(065) 2612444, 2651066. eae i 


U.S. SALES REPRESENTATIVES-W. COAST: PLEXIS SYSTEMS INC.210 TWIN DOLPHIN DRIVE. REDWOOD CITY. CALIFORNIA 94065. TEL: (415) 5917808. E.COAST: BELLINGHAM. MASSACHUSETTS. NDUSTRI ES 
TWX:510-6014428. A member of Singapore Technology Corporation ¢% 
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SUPERIOR LOGIC 
CIRCUITBOY’S THE SWITCH. NIKKA 


I'S THE SOURCE. 


Contact reliability starts with STC. 
Completely Sealed, The Smallest size and Smoother operating action. 


_ Actual Size : 2 : : : ” 


* For more information, please write to: 


MARQUARDT 


Marquardt GmbH,D-7207 Rietheim-Weilheim 1 
Tel: (07424) *707-0 Telex: 760412 MARQ D 


NIHON KAIHEIKI IND. CO., LTD. 


Tokyo, Japan Phone: (03) 774-0611 Telex: 0246-6949 Nikkai J 


Australia 
Belgium 
Denmark 
Finland 
France 
Great Britain 
India 

Italy 

Korea 
Netherlands 
Norway 
Sweden 
Switzerland 
Taiwan 


STC-Cannon Components (PTY.) Ltd. Phone: (03) 555-1566 Telex: AA30877 
Sotronic S.A./N.V. Phone: 02/736 1007 _ Telex: 25141 Sonic B 

Tage Olsen A/S. Phone: 2/65 81 11 Telex: 35293 Toas DK. 

Perel Oy. Phone: 914-21600 Telex: 15117 Perel SF. 

Ste. Comepa S.a.r.l. Phone: 4844-87-39 Telex: 670937, 670937F 

Lucas NSF Limited. Phone: (0535) 661144 Telex: 51270 Enesef G. 
Bells Controls Limited Phone: (Mysore) 26772 Telex: 846255 

KEVIN S.R.L. Phone: (2) 45 31196 Telex: 325239 KEVIN | 

Bosung Hwarim Co.,Ltd. Phone: 722-3449 Telex: K22340 HWARIM. 
Nijkerk Electronika B.V. Phone: 020-5495969 Telex: 11625 NESCO NL 
Elektronix A/S Phone: (02) 559050 Telex: 72738 Elnix N 

Stigab/stig Odlung AB_ Phone: 08/97 09 90 Telex: 12496 Stigab S 
invertag Limited Phone: 01/391 56 30 Telex: 816906 Invag Ch 

Magna Corporation Phone: 02-561-0851 Fax: (02) 542-0404 


North America NKK Switches of America INC. 


Phone: (602) 991-0942 TWX: 910-950-1167 ‘NKK SCOT. 
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ce omponents is the larges 

manufacturer Of dantalum cap 

From our factories in theUKand W Germany — 
we manufacture more than 35,000,000 capacitors” 
every month. = ee? i one 

This includes frve complete ranges of resin ~ 
dipped radials for all commercial and professional 
applications, three series of moulded and metal-cased 
axials for use in demanding military and professional 
equipment, and two ranges of world beating tantalum - 
chips for all surface mount applications. 

Top quality tantalum capacitors from STC 
Components are available ex-stock from our network 
of over 40 major distributors throughout Europe and 
Scandinavia. Names you associate with quality 
product and good service. 


« 
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» => address of your nearest distributor ~ 
> call one of the offices listed. Or visit 
"us onstand no. 24D10 atElectronica. — 

-™ STC Components, Elektronische Baulemente 
GMBH, Tantalkondensatoren, Industriestrasse 46° 


8510 Furth-Bislohe, Deutschland. Tel: (0911) © 
30 305 82/86. Telex: 626793 STC Components, Tantalum 
Capacitors, Brixham Road, Paignton, Devon, TO4 7BE, 


England. Tel:(0803) 528046. . : 

Telex: 818746 GPC m STC WU RTT ELS | 
Composants, Condensateurs | 

Tantales; 4 Allee de | 


LAstrolabe, Silic 561, 94653, | I 


Rungis Cedex, France. 
Tel: (1) 45 60 47 00. sI¢ COMPONENTS | 
Telex: 204978E DEDICATED TO EXCELLENCE 
IN TANTALUM. » 
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EDITORIAL 


Knowing when to seek help 


We noted on this page in the May 29 issue that the distinctions 
between the various subclasses of electrical engineering are blur- 
ring. And just as it’s increasingly difficult to distinguish between 
analog and digital design, it’s also difficult to separate the stages 
that a product undergoes, from its conception to shipment. That’s 
not to say it isn’t possible to attach a label like “product planning,” 
“engineering,” “purchasing,” “marketing,” “quality control,” or 
“manufacturing” to each step in the process; the difficulty is in 
concentrating the expertise required for the efficient operation of 
each step within a specific group of people. 

Surface-mount technology (SMT) exemplifies this difficulty. Ac- 
quiring SMT capability within your company can’t be achieved by 
making one group solely responsible for circuit design, another for 
manufacturing, and so on. An understanding of the overall process 
must pervade all groups involved in the design, manufacture, and 
marketing of a surface-mount assembly. Engineers—typically 
placed between the marketers who decide what will sell and the 
manufacturing groups who will produce, test, and ship the product 
are the best resource for ensuring that the necessary information 
reaches all involved parties. 

The need for a thorough understanding of SMT begins at the 
product-planning stage; your company must determine when it can 
cost-effectively begin using SMT to beat competitors to market with 
SMT-based products that are more compact and higher in perfor- 
mance than older versions based on through-hole pe boards. That 
decision will require inputs from the engineers who have monitored 
the availability of SMDs and who are aware of the benefits SMT can 
yield—not only compactness, but also, for instance, higher operat- 
ing speeds because of reduced parasitic effects. At the design stage, 
engineers must wrestle with the problems that SMT entails—for 
instance, an increased need for thermal dissipation. Finally, engi- 
neers must learn SMT manufacturing and testing techniques to 
ensure that they design products that can actually be produced. 

The task of acquiring all the information necessary for effectively 
using SMT might seem daunting, but fortunately, you needn’t know 
everything; you only need to know what organizations are willing to 
share their SMT experience. This issue’s Special Report describes a 
variety of sources to which you can turn. It’s not too early to start 


educating your company. 
5 Ten. 


Rick Nelson 
Managing Editor 
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Advanced Micro Devices + Bruxelles (02) 771 99 93 » Hannover area 
Manchester area (0925) 828008 * Milano (02) 3390541 * Miinchen (08 
Tokyo (03) 345-8241 * Latin America, Fort Lauderdale, Florida/US.A. Tel: (305) 484-8600 Tlx: (510) 955-4261 am 
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Nothing travels faster than a 
good rumor except the data in 
AMD’ss new Am9580A Hard Disk 
Controller.A single chip that can 
make data approach the Speed 
of Gossip. 


Am9580A 


Only rumors 
travel faster. 


To achieve this feat, we 
designed the Am9580A with on- 
board sector buffers. These make 
data easier to find so it's easier 
to pull up when it's needed. We 
also designed in Direct Memory 
Access (DMA). DMA retrieves 
data and transfers it directly to 
the main memory.And that takes 
a burden off the CPU. 

But what really makes us a 
challenger to the coffee room is 
our Zero Sector Interleave. A user 
can pull up random data as 
much as six times faster than 
other hard disk controllers. 

The Am9580A supports the 
ST 506 ANSI standard interface 
and the ESDI interface (which 


the coffee machine doesn't). 


And its flexible. Handle any 
combination of up to four hard 
or floppy disk drives. 

Get in and out of storage faster 
than ever with the Am9580A 
Hard Disk Controller. And, in 
case you were wondering, we got 
all this information from a very 
reliable source: AMD. Pass it on. 
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You can't be everywhere at 
once. Then, how can you make 
sure your data goes where you 
want it? Easy With the first 16-Bit 
Bounds Checker, the Am29337, 
the newest member of AMD's 
powerful 29300 family It's 
designed to put data where it 
belongs: In memory. 


Am29337 


Border patrol 


The Am29337 can compare 
addresses with stored upper and 
lower limits and tell your system 
if those limits are exceeded. And 
in which direction. It can com- 
pare with signed and unsigned 
numbers, too. 

The Am29337 can compare 
available data intended for 
memory with available memory 
space and alert your system to 
potential overflows. (And never 
miss a bit.) Use it with the family 
or as a stand-alone. Also, the 
Am29337 is cascadable in 16-bit 
increments. 

Do you know where all your 
data is? Get an Am29337 16-Bit 
feo ag Checker and keep it 
in line. 
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AMDs extraordinarily power- 
ful, high-performance Am29300 
Family welcomes its first CMOS 
member: The Am29C323 32-Bit 
Parallel Multiplier. It's easy to 
operate. And for such adult high- 
performance, it’s hard to believe 
it has such a child-sized interest 
in Se When it's operating 
at 8MHz (125ns cycle time) it 
consumes less than one Watt. 


Am29C323 


Announcing 
anew addition: 
Multiplication 


The Am29C323 will produce 
a 64-bit multiply from two 32-bit 
inputs. It supports multiprecision 
multiply And dual input registers 
on both the X and Y buses 
increase the efficiency of the 
Am29C323. 

With an internal 3-bus, 32-bit 
architecture, a 67-bit accumu- 
lator, shift register and temporary 
output register, it’s guaranteed 
to give incredible performance 
and speed. 

The Am29C323 isn’t tempera- 
mental. It supports 2’s-compli- 
ment, unsigned nurnbers and 
mixed numbers. 

We also built in data integrity, 
The Am29C323 supports fault 
tolerant operation by running 
on master/slave mode. Parity is 
checked on input, and the 
Am29C323 generates parity on 
output. 

If you want a spectacular 
blend of the low power of CMOS 
and the breathtaking perform- 
ance of the Am29300 Family, it 
all adds up to the Am29C323 
32-Bit Parallel Multiplier 
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(05143) 50 55 * Hong Kong (0852) 3-695377 * London area (04862) 22121 
9) 4114-0 + Paris (01) 46.8736.66 + Stockholm ( 


08) 733 03 50 * Stuttgart (0711) 62 33 77 
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Our Am79C12 Dialer Modem 
Peripheral is packed with more 
features than any single-chip 
modem on the market. That 
means you can use it in an incred- 
ibly wide range of applications. 
And it's easy to design in. 


Am79C12 


The Swiss 
Army Knife 
of single-chip 
modems. 


The Dialer Modem Peripheral 
is 212A compatible, with a 
103A fall back and operates from 
only 5 volts. On-chip hybrid, 
register control pins and I/O pins 
all make the job of connecting 
with protective line interfaces 
easier. 

It not only has a built-in serial 
port, theres also a built-in par- 
allel (UART) port to give you the 
freedom to transfer data in paral- 
lel from the bus. In addition to 
controlling it from the standard 
microprocessor interface. 

It even supports auto-dialing 
through DTMF or pulse. Plus 
call progress tone detection. 

So the Am79C12 doesnt 
have a toothpick, a magnifying 
glass and three screwdrivers. It's 
still the most versatile single-chip 
modem around. Which is what 
you needed for your design 
anyway, isnt it? 
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_ hitters: 


Advanced Micro Devices has broken the 


game wide open. 


After building a comfortable lead with a 
new product a week, every week—on the | 
shelf, in volume—we called in the heavy 


ISDN. CMOS. 32-bit micro- 
processor chip set. 
High-speed RAMs. 
Modems. 

No one who follows 
the game closely is the | 
least bit surprised. This team puts more dollars 
into R&D, as a percent of sales, than anyone 
else in the business. | 

If you like the sound of extra bases, call 
Advanced Micro Devices. 


= 


Advanced Micro Devices Z" 


For more information, contact the sales agent nearest you or write the word 
“Fifty-two” on your letterhead and mail to Advanced Micro Devices, Mail Operations, 
P.O, Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 
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Hughes surface mount 
connectors give you closer 
board-to-board mounting, 
densities to .025, and up to 
15% more board space. 


Off-board mounting makes the difference. m@ Card connectors 

Greater reliability, too, with insertion/ m@ Test connectors 
withdrawal forces transmitted to the board via Also our custom Gold Dot Interconnec- 
mechanical fixing. tion System. 

No mechanical loading on vulnerable For more information, call Mike Howett, 
solder joints, a weak link in ordinary surface 714-660-5702. 
mount connector installations. In England call 

Surface mount connectors available, off- Hugh Mcinally, HUGHES 
the-shelf: 0932 47262. 
= Two-part PC connectors 7 aera ee ee 
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We unleashed 
anew force... 
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For almost 30 years, one 
organization has quietly 
dominated the field of 
high reliability, applications specific 
multilayer capacitors: the Olean facility 
of AVX Corporation. Today, that force 
continues to grow stronger and 
stronger, with capabilities unmatched 
by any other organization in the world. 
But the silence is gone. Forever. 

Under the new name Olean 
Advanced Products, AVX has unleashed 
its full research, design, development, 
and production potential to bring you 
the world’s finest high reliability capaci- 
tors and other electronic products, and 
to aggressively create new product 


eave it ane 
NamMe. 


breakthroughs designed specifically for 
your applications in such areas as: 


| ] EMI SUPPRESSION ARRAYS 

|] DISCOIDAL and FEED-THRU 
PLoS 

|] HIGH ENERGY DISCHARGE 
CAPACITORS 

L] SMPS OUTPUT FILTERS 

| ] POWER-ENTRY DECOUPLERS 

|] TAB-LEADED MLC CHIPS 

|] HIGH- VOLTAGE MLC CHIPS 

|] LOW-INDUCTANCE MLC CHIPS 

[] HIGH RELIABILITY MLC’s 

L] ADVANCED APPLICATION 
SPECIFIC PRODUCTS 


“4 
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Olean Advanced Products. 
Remember the name. Because soon, 
it will be as unforgettable as the techno- 
logical force that stands behind it. 

Call us today to discuss your 
requirements with our Applications 
Engineers and watch our powerful 
capabilities swing into action for you. 


Olean Advanced Products 


A Division of iP orporation 


Olean, New York, 14760. Tel: (716) 372-6611. TWX: 510-245-2815. 


Olean Advanced Products Sales Representatives 


Eastern Region 


Bob Burns 

AVX Regional Manager 
AVX Corporation 

107 Maine Street 
Silverton, NJ 08753 
Telephone: (201) 255-5455 
FAX: 201 255-5428 


John E. Boeing Co., Inc. 
18 Muzzey Street 

P.O. Box 5 

Lexington, MA 02173 
Telephone: (617) 862-2500 


Burgin-Kreh Assoc., Inc. 
7000 Security Blvd. 

Suite 330 

Baltimore, MD 21207 
Telephone: (301) 265-8500 


Burgin-Kreh Assoc., Inc. 
P.O. Box 4455 

8314 Timberlake Road 
Lynchburg, VA 24502 
Telephone: (804) 239-2626 


Comtronic Associates, Inc. 


555 Broad Hollow Road 
Melville, NY 11746 
Telephone: (516) 249-0505 


Bob Dean, Inc. 

2415 North Triphammer Road 
P.O. Box E 

Ithaca, NY 14850 

Telephone: (607) 257-1111 


Bob Dean, Inc. 

15 Myers Corner Road 

Suite 1D 

Wappingers Falls, NY 12590 
Telephone: (914) 297-6406 


Dyne-a-Mark Corporation 
1001 NW 62nd Street 

Suite 107 

Fort Lauderdale, FL 33309 
Telephone: (305) 771-6501 


Dyne-a-Mark Corporation 
573 S. Duncan 

Clearwater, FL 33515 
Telephone: (813) 441-4702 


Dyne-a-Mark Corporation 
PO. Box 33 

Maitland, FL 32751 
Telephone: (305) 629-5557 


Dyne-a-Mark Corporation 
P.O. Box 339 

Palm Bay, FL 32905 
Telephone: (305) 727-0192 


Longman Sales 

#1 1715 Meyerside Drive 
Mississauga, Ontario 
Canada, LST 1C5 
Telephone: (416) 677-8100 


Longman Sales 

16891 Hymus Blvd. 
Kirkland, Quebec 
Canada, H9H 3L4 
Telephone: (514) 694-3911 


Longman Sales 

1510 Merivale Road, Suite 4 
Ottawa, Ontario 

Canada, K2G 3J6 
Telephone: (613) 564-0100 


Longman Sales 

310 218 Blue Mountain St. 
Coquitlam, B.C. 

Canada, V3K 4H2 
Telephone: None 


Thomas Associates, Inc. 
12 South Black Horse Pike 
Bellmawr, NJ 08031 
Telephone: (609) 933-2600 


Tingen Technical Sales, Inc. 


2809 Millbrook Road 
Suite 203 

Raleigh, NC 27604 
Telephone: (919) 878-4440 


Midwestern Region 


Rene Pimentel 

AVX Regional Manager 
AVX Corporation 

2 East 106th Street 

Suite 108 

Indianapolis, IN 46280 
Telephone: (317) 848-7153 
FAX: 317 848-9314 


Ammon & Rizos 

1200 E. Collins Blvd. 
Suite 114 

Richardson, TX 75080 
Telephone: (214) 644-5591 


Ammon & Rizos 

3300 Chimney Rock 

Suite 202 

Houston, TX 77056 
Telephone: (713) 781-6240 


Ammon & Rizos 

8300 Research Blvd. 
Austin, TX 78758 
Telephone: (512) 454-5131 


Ammon & Rizos 

5511 East Skelley Drive 
Tulsa, OK 74135 
Telephone: (918) 663-8788 


Beacon Electronics Assoc. 
6135 Barfield Road 

Suite 240 

Atlanta, GA 30328 
Telephone: (404) 256-9640 


Beacon Electronics Assoc. 
11309 S. Memorial Pkwy. 
Suite A 

Huntsville, AL 35803 
Telephone: (205) 881-5031 


Frank J. Campisano Co. 
P.O. Box 11043 
Cincinnati, OH 45211 
Telephone: (513) 574-7111 


Frank J. Campisano Co. 
5621 Broadview Road 
Cleveland, OH 44134 
Telephone: (216) 749-5550 


Frank J. Campisano Co. 
2825 E. 56th Street 

P.O. Box 20581 
Indianapolis, IN 46220 
Telephone: (317) 253-7651 


Frank J. Campisano Co. 
2317 Indian Village Blvd. 
Ft. Wayne, IN 46809 
Telephone: (219) 747-2633 


Frank J. Campisano Co. 
R.D. #3, 11 Airlane Drive 
Coraopolis, PA 15108 
Telephone: (412) 264-5151 


Frank J. Campisano Co. 
3626 Ridgewood Drive 
Columbus, OH 43220 
Telephone: (614) 876-5405 


Comstrand, Inc. 

2852 Anthony Lane South 
Minneapolis, MN 55418 
Telephone: (612) 788-9234 


Janus, Inc. 

650 E. Devon Ave. 

Itasca, IL 60143 
Telephone: (312) 250-9650 


Janus, Inc. 

W. 239 N. 1690 Busse Road 
Waukesha, WI 53188 
Telephone: (414) 524-7575 


J.L. Montgomery Assoc., Inc. 


27200 Lahser Road 

Suite 150 

P.O. Box 244 

Southfield, MI 48034 
Telephone: (313) 358-2616 


Schmidt & Associates 
1419 Devereux Drive 
Dayton, OH 45419 
Telephone: (513) 293-6652 


R.F. Welch, Co. 

204 Collins Road, NE 
Cedar Rapids, IA 52402 
Telephone: (319) 377-1575 


Western Region 


John Horn 

AVX Regional Manager 
AVX Corporation 

735 West Duarte Road 
Arcadia, CA 91006 
Telephone: (818) 445-5241 
FAX: 818 445-4672 


Beneke & McCaul 

Box 144, 12825 Bristol 
Grandview, MO 64030 
Telephone: (816) 765-2998 


Interstate Marketing Associates 


21044 Ventura Blvd. 
Woodland Hills, CA 91365 
Telephone: (818) 883-7606 


Interstate Marketing Associates 


4435 N. Saddlebag Trail 
Scottsdale, AZ 85251 
Telephone: (602) 244-9050 


Interstate Marketing Associates 


9420 Activity Road 

Suite E 

San Diego, CA 92126 
Telephone: (619) 693-3220 


Quadrep, Inc. 

2713 North First Street 

San Jose, CA 95134 
Telephone: (408) 946-4000 


Thorson Desert States, Inc. 


9301 Indian School NE 
Suite 112 

Albuquerque, NM 87112 
Telephone: (505) 293-8555 


Thorson Rocky Mt., Inc. 
7076 South Alton Way 
Bldg. D1 

Englewood, CO 80112 
Telephone: (303) 779-0666 


Thorson Rocky Mt., Inc. 
2500 S. 2300 W. 

Suite 2 

Salt Lake City, UT 84119 
Telephone: (801) 973-7969 


Western Technical Sales 
13400 Northup Way 

Suite 14 

Bellevue, WA 98009 
Telephone: (206) 641-3900 


Western Technical Sales 
2271 NE Cornell Road 
Hillsboro, OR 97124 
Telephone: (503) 640-4621 


Western Technical Sales 
E. 12025 Main Street, Ste. 1 
P.O. Box 14348 

Spokane, WA 99206 
Telephone: (509) 922-7600 
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_] Please send me information 
about Olean Advanced Products. 


Name 
Title 


Company 


Address—_ 


City 
olate —__.. Zip 


Phone 


Send to: AVX Ceramics, P.O. Box 867, 


Myrtle Beach, SC 29577 
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The advantages of additive Surface Mount Circuits save time and money for users, 
sve higher fl See ce and wee: results. Heres Why: 
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Better basic construction 

The dielectric used to define lines/spaces 
(down to 0.003 inches) totally encapsulates 
conductor and pad sidewalls, and provides 
a near-flush surface for trouble free com- 
ponent mounting and soldering. Ideal for 
ailsurface mount devices from simple chip 
passives to “super-high” pin count PLCC’s 
and Quads, and all common surface mount 
assembly, repair and cleaning processes. 
Hi-rel micro-vias, (0.010” diameter min.), 
allow routing density beyond conventional 
capabilities. 
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CORE MATERIAL 
CONVENTIONAL 


POF SOLDER MASK 


CORE MATERIAL 


Pe sun SnSS Tne SCTS nS anne 


ADDITIVE 
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A near-flush conductor surface allows uni- 
form and precisely registered permanent 
Solder Mask Over Bare Copper without 
skips, smear, bleed, or adhesion loss, sim- 
plifies glue and/or solder paste application. 
A Micro-socket™ soldermask option elimi- 
nates pad to pad bridging (even on 0.020" 
pitch, leaded chip carriers) even when 
more solder is applied to avoid “missed” 
joints and improve reliability. 


‘SUBTRACTIVE 


OPTIONAL MASK 


BETWEEN ANTI BRIDGING PDF 


ADDITIVE 


Trouble-free component repair 
Unlike pad and trace “lifting” problems of 
conventional etched circuitry, Additive’s 
new Micro-bond™ SMT surface allows sol- 
dering iron rework without adhesion 
failure. 
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IN A NUTSHELL, 
ADDITIVE SMC’S GIVE YOU; 


e The highest density circuitry 
available (down to 0.003"). 

¢ Totally predictable geometries and 
electrical properties. 

« Near-flush surfaces for trouble-free 
device placement. 

e Pad side wall encapsulation 
equivalent to a perfectly registered 
soldermask for bridgeless soldering. 

e Optional Micro-socket ™ soldermask 
for hi-rel solder joints even on super- 
high pin count devices. 

* Micro-bond™ pad and trace 
adhesion to “open-up” the 
repairability process window. = 

¢ Optional copper or soldercoated pads. 

* The highest “first-pass” yield 
opportunity in assembly. 


Send for complete information on SMCs — 
or any Additive product. : 


EVERY ADDITIVE PRODUCT IS A PLUS FOR YOU 


PRODUCTS 
KOLLMORGEN CORPORATION 
PO. Box 700 Aquebosue, NY 11931 


| (SMT (Surface ae seminars in my 
region, sponsored by APD 
(] PDF (High Density) Circuits 
| CPF (Precious Metal Replacement) 
Circuits 
(1 SMC (Surface Mount) Circuits 


NAME 
(Job Title) 
COMPANY 
| ADDRESS 
| cITy STATE ZIP 
a EDN102 
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| CALC (Add-A-Layer Multilayer) Circuits || 
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HOW LOCTITE HELPED 
THESE ASSEMBLY EXPERTS 
SLEEP BETTER LAST NIGHT. 


Each needed to boost output. Improve quality. 
And lower cost. But their old adhesives and 
sealants couldn’t meet the demand. They stopped 
tossing by turning to Loctite. 


NEW POTTING MATERIAL 
DOUBLED PRODUCTION OUTPUT 


66 Production stopped as we waited for our two-part 
epoxy to cure. It took more than 16 hours, and we only 
had room to stack and cure 10,000 parts a day. But 
then Loctite designed an automated potting system to 
retrofit our assembly line. The one-part UV potting 
material cures on-line in just 30 seconds. Now we 
pump out more than 20,000 parts a day —in a lot less 
space. 99 Circle # 2 


—A major U.S. electronics assembly plant The 30-second capacitor The 16-hour capacitor 
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ae * \ CONFORMAL COATING SLASHED TO MINUTES 
te: e ¢¢ Our 24-hour coating bottlenecked everything. We 
started drafting plans to expand the plant . . . until we 
met Loctite. They developed this UV system that coats 
and cures in just two minutes. Now not only do we 


NEW RETAINING COMPOUND 
STABILIZED DISK DRIVES 


¢¢ We were one of the first to discover how well 
Loctite’s new retaining compound stabilized bearing 
assemblies in disk drives. It’s virtually vibration-proof 
and locks in alignment better than a press fit. The 
whole industry tips its hat to Loctite.99 Circle # 80 


— A top computer system manufacturer 


ON-LINE ADHESIVES CUT REJECTS, 
IMPROVED PERFORMANCE 


6¢ Our heat-cured thermally conductive epoxy took 
hours to cure. And it tended to migrate, locking up our 
fan rotors. We switched to Loctite —and solved it all. 
Loctite’s thermally conductive and UV adhesives let us 
make and test assemblies in just 5 minutes. Our 
migration problems are over. And we ve lowered 
operating temperature by 5°C. 99 Circle # 158 


— International components manufacturer 


handle higher volumes with the same floor space, but 
we re ready for even more. 99 Circle # 41 


— Major PCB manufacturer for automotive industry 


Only Loctite offers UV coatings that meet MIL-I-46058C, 
for long-term durability. 


NEW ADHESIVE CURED 


SURFACE MOUNT PROBLEMS 


¢¢ Epoxy cured too slow. It skewed chips when heated. 
The bond was too strong for repair. And air bubbles 
made consistent application impossible. Then Loctite 
showed us a UV bonder that cures in just 30 seconds — 
without skewing chips. It holds tight during wave sol- 
der, but allows easy rework. And Loctite guarantees an 
airless package. Now we get consistent dispensing and 
bond strength . . . and faster production than ever. 99 


Circle #119 —A leading electronics OEM 


Filet cure withstands No more chip skewing 


wave solder 


FREE GUIDES 
PUT OUR 
ARRAY OF 
PRODUCTS AT 
YOUR 
FINGERTIPS. 


Let us help you 
through the maze 
of adhesivesand ——as 
coatings with our i 
new guides. Just 
look up your 
project —and youll 
know the perfect 
solution, immediately. 
Call (203) 246-1223. 


Circle # 197 


© 1986 Loctite Corporation, Newington, CT 06111. Loctite Canada, Inc., Mississauga, Ontario L4W 2S3. Loctite is a registered trademark of Loctite Corporation. 


BS Fin SF 


28 FIR COMANIC 
SEMAEOE CHIP CORORLER 


FRI CANT SIMSATION LOBIT Siege 
THE Perse< 


DesignLine is a trademark of Ziff Communications Company, 
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hat’s right, an hour of time 

onthe most advanced on-line 

database available to electronic 
engineers. Advanced, because It's 
designed by engineers for engineers — 
just the way you would have designed 
it yourself. 

It’s called DesignLine”and it gives 
you extensive engineering information 
services for the way you work. From 
finding pin-for-pin replacement parts 
instantly to displaying critical specs. 
From ordering complete CAD/CAE 
libraries for your engineering work- 
station to accessing popular simulation 
and analysis tools. DesignLine does 
this and more, all at your terminal 
or personal computer. 

And it’s all yours for one hour, 
absolutely free. 

We're glad to give you an hour on- 
line to let you see how much time you 
can save using DesignLine. 

For example, now you can stop 
wading through bulky data books, risk- 
ing outdated product catalog specs 
and suffering through long internal 
development times.With DesignLine, 
you'll find parts faster — either by part 

number or description. You ll have 
a comprehensive, continuously up- 
dated database. And you'll be able to 
display schematic symbols, package 
outlines and mechanical drawings. 

Of course, this is only asample 
of our services and constantly expand- 
| sf ing data. So whether you're already 
le looking for an on-line database or 
r ’ interested in what it can do for you, 
grab the phone and call our toll-free 
number for your password and free 
starter kit to see the rest. 

Because all of this, and more, is 
already waiting for you. 


2 i 


as tte s 8 =~ 


(In California 
call 800- 
632-7979) 


Ho = 
oa tS 


os 


Limited offer. 


SE SISMALING 


Engineering Information Services 


A Division of ZiffDavis Technical Information Company 
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Breaking new ground in standard cells 

is nothing new at ZyMOS. Because 

we’ve been pioneering standard cell 

innovations longer than anyone. 

With hard-and- fast product. Not lofty 

promises about ‘‘soon-to-comes’’ and 
‘wait-and-sees. ’’ 

Now with our 1.8-micron 

CMOS standard cell 

library, we ve 

> taken the 

y next logical 

Step. 

Structured 

Block Silicon™ 
(SBS™). Our 
Super Cells (micro- 

processors, RAMs, ROMs 
and PLAs)—can be integrated to reach 
an unheard of 25,000-gate complexity. 
Reduce parts cost. Save board space. 
Improve system reliability. 

SBS cells. Fabricated with our new 
Double-Level-Metal CMOS process, 
meet or exceed all of the timing require- 
ments of the original devices. So you 
can create higher performance systems. 
With complete design freedom in aspect 
ratio, height and placement. 

Find out more about our 1.8-micron 
standard cell library. And our SBS 
Super Cells. Contact one of our local 
sales offices and request a quote. We Il 
have a price for you within a week. 
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One that will have you calling us back 
within days. 

ZyMOS. Because when you put on 
a leading edge performance, it’s a lot 
easier to pack them in. 


SBS Super Cell Peripherals * 


Z29CO1 4-Bit Slice Microprocessor 
Z29C116 16-Bit Slice Microprocessor 
Z6818 Real Time Clock 

Z7T4LS612 Memory Mapper 

ZT45557 8 X 8 Multiplier 


Z8237 DMA Controller 
Z8254 Programmable Interval Timer 


8255A Programmable Peripheral Interface 
Z8259 Programmable Interrupt Controller 
Z8284A Clock Generator 

Z82284 Clock Generator and Ready Interface 
282228 Bus Controller 

Z8288 | Bus Controller 


* RAM, ROM and PLA Super Cells are also available 
using the ZyMOS ZyMEM silicon compiler. 


ZyMOS Corporation 

A477 North Mathilda Avenue 
Sunnyvale, CA 94086 

Phone: (408) 730-5400 

TWX: 910-339-9530 ZyMOS SUVL 


ZYMOS 


PRODUCING THE STANDARD IN Custom VLSI 
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+V supply 


Unclamped 
inductive 
load 


HEXFET 


Here’s the test circuit. 


Here’s the test waveform 
of 
the HEXFET under 
avalanche. 


You're looking at the avalanche withstand And with that extra margin of safety, HEXFETs 
Capability of a HEXFET — something few add more value to your system. What's more, 
designers know and appreciate about the we're the only major power MOSFET 

inherent ruggedness of IR’s power MOSFET. manufacturer to specify avalanche capability 


Fact is, we put every HEXFET we make through in writing. And because we test every device, 
its own avalanche test before shipment. we can guarantee it. 

It's just another little secret why HEXFETs It's one more reason why HEXFETs are today's 
survive where others fail. quality choice. Call or write us for data. 


International 
app sic Rectifier 
POWER MOSFETs! ec : ‘ce 
WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245. 
U:S.A' (213) 772-2000. TWX 910-348-6291, TELEX 472-0403 


EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, 
ENGLAND TELEPHONE (088 33) 3215/4231. TELEX 95219 
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Vendors stock stamdanoe libraries 
with linear and LSI-level functions 


David Smith, Associate Editor 


Examine a cell library from a stan- 
dard-cell-IC vendor this year and 
you'll find more linear and LSI-level 
functions than you did in last year’s 
libraries. A standard-cell IC can im- 
plement a variety of system blocks 
on one die; the manufacturers of 
these ICs are continuing to add cells 
that implement such LSI-level func- 
tions as UARTs and such analog 
circuitry as op amps. (See the tables 
beginning on pg 72.) 


Compilers give you options 

Certain types of LSI products 
must contain a number of repeti- 
tions of a particular circuit struc- 
ture (for instance, a memory). In- 
stead of maintaining in their 
libraries a large number of cells that 
replace these products, most ven- 
dors are creating compilable LSI- 
level cells—ones that let you specify 
some of their functions by using the 
vendor’s design tools, so you can 
build each LSI-level cell from simple 
circuit structures. 

For its 2-um CMOS devices, 
VLSI Technology Inc (VTI) has a 
compiler that you can use to create a 
processor core equivalent to an 
AMD 2901 bit-slice processor. To 
complete a processor-based design, 
you can use the company’s RAM and 
ROM compilers. You can use the 
firm’s programmable-logic-array 
(PLA) compiler to design state ma- 
chines or Boolean-logic generators. 
The RAM and ROM compilers gen- 
erate memory blocks containing as 
many as 16k and 128k bits, respec- 
tively; the PLA compiler creates 
PLAs that have as many as 50 in- 
puts, 200 product terms, and 52 
outputs. 

VTI and LSI Logie both offer 
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multiplier compilers. These compil- 
ers let you specify the number of 
bits in the multiplier and multipli- 
cand, and they generate functional, 
timing, and layout representations 
of your multiplier. Using the compil- 
ers, you can generate multipliers as 
large as 32X32 bits. 

To create compilable cells, some 
manufacturers integrate compiler 
capabilities in their design systems 
by using tools from silicon-compila- 
tion companies. For example, NCR 
uses the GDT design tools from Sili- 
con Design Labs (Liberty Corner, 
NJ) to design compilers that it inte- 
grates in its Vigen standard-cell de- 
sign system. 


Other standard-cell-IC foundries 
—including Gould, VTI, and Na- 
tional Semiconductor—have agreed 
to fabricate ICs designed with Sili- 
con Compilers Inc’s (San Jose, CA) 
compilers. Such agreements may 
pave the way for standard-cell-IC 
foundries to integrate the compilers 
in their design tools in the future. In 
fact, General Electric and Interna- 
tional Microelectronic Products 
(IMP) are already working with Sili- 
con Compilers Inc to integrate com- 
piler tools into their design sys- 
tems. 

Although some LSI-level blocks 
need to be compiled because they 
must provide a variety of functions, 


Combine LSI-level cells with MSI- and SSI-level cells to create a system on a chip. This chip 
from Toshiba combines RAM, ROM, and digital logic. 
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compilation isn’t necessary for most 
standard LSI products, such as 
UARTs and peripheral chips for 
personal-computer systems. LSI 
Logic and Harris Semiconductor 
are representative of companies 
that provide many LSI-level blocks. 
Besides offering cells that emulate 
the Advanced Micro Devices 2900 
Series processors, LSI Logic pro- 
duces cells that are identical to 
Intel’s 8237 DMA controller and 
8259 programmable interrupt con- 
troller and Motorola’s 6845 CRT 
controller. 

Harris provides cells that are 
identical to its 8086 peripheral 
chips. These chips include the 82C37 
(a CMOS version of the 8237), the 
82C56A multifunction UART, and 
the 82C54 programmable interval 
timer. Intel offers the 80C51 and 
80C52 microcontrollers as cells, and 
it plans to have the 82XX Series 
peripheral functions in its stand- 
ard-cell library by the fourth quar- 
ter of 1986. These peripherals form 
the basis of IBM PC-compatible 
systems. 

National Semiconductor also of- 
fers a variety of cells that emulate 
its standard products. The company 
uses the same manufacturing pro- 
cess for its standard products that it 
uses for its standard-cell ICs. This 
continuity in the product-line pro- 
cess lets the company quickly trans- 
fer new standard-product designs to 
the standard-cell library. As a re- 
sult, the company expects to have 
most of its products—including its 
HPC controllers, COPS II pro- 
cessors, and KEPROMs—available 
as cells by the end of 1987. 

Zymos, which is now owned by 
Daewoo Corp of Korea, offers a 
standard-cell library of the elements 
in its IBM PC/AT-compatible chip 
set. The company also provides free 
schematic-capture and routing serv- 
ices, which it employs to give its 
customers quotes on engineering 
and production-unit prices. 

A system implemented with LSI- 
level cells requires analog functions 
on the periphery. A number of 
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Macgen compiler from LSI Logic creates 
multipliers as large as 32X82 bits. 


standard-cell vendors are adding 
linear cells to their libraries. Some 
of the more exotic linear cells avail- 
able include an 18-bit DAC, a 13-bit 
ADC, and an 8-bit flash ADC, all 
from Micro Power Systems. The 
company can also mount thin-film 
resistors and bipolar transistors on 
its CMOS standard-cell chips. 


Analog-digital circuits 


Analog functions can pose prob- 
lems when you combine them with 
digital functions on a single chip. 
For instance, you may have to ac- 


ete nein oe peeps nse de bg 
GaAs cells implement 2-GHz circuits 


Using standard-cell libraries from Triquint Semiconductor or Honey- 
well, you can design a GaAs IC that can implement circuitry operat- 
ing at 2 GHz. Both companies use a I-4m processing technology. 
Honeywell’s process uses both enhancement and depletion transis- 
tors and Triquint’s process uses only depletion-mode transistors. 

Triquint’s library includes 180 cells that emulate SSI- and MSI- 
level cells, counters, and multiplexers. A typical gate delay is 150 
psec, which is about one-tenth the delay of a typical 2-um CMOS 
cell. You can use the library to design chips that contain the equiva- 
lent of 500 gates. The cells in Honeywell’s library spec longer gate 
delays (350 psec) than do Triquint’s cells, but Honeywell claims to 
be able to fabricate chips containing as many as 4000 gates. 

Because of the relative youth of GaAs technology, design and 
fabrication costs for GaAs ICs will be much higher than the corre- 
sponding costs for silicon ICs. The design and manufacture of five 
prototype chips from Triquint, for example, costs $80,000. However, 
to mitigate development costs, the company allows you to submit as 
many as four different prototype designs at once. The company 
processes the prototypes in one fabrication run and charges as little 
as $50,000 for each prototype design. 


cept tradeoffs in processing and per- 
formance, and you're likely to en- 
counter problems with simulation, 
layout, and testing. 

Tradeoffs in processing technolo- 
gy are often necessary in analog- 
digital circuits because the optimal 
processes for digital designs are not 
usually the optimal processes for 
linear circuits. For example, some 
linear circuits use a diffusion layer 
to create resistors; these circuits 
require significant sheet resistance 
in the layer. To be very fast, howev- 
er, digital designs must be fabri- 
cated with processes that minimize 
diffusion-layer resistance. 

Not all vendors agree that pro- 
cessing sacrifices are necessary in 
analog-digital cells, however. Sierra 
Semiconductor’s fabrication lines 
use dry etching and implantation 
techniques that work at relatively 
low temperatures; the company 
claims that the extra processing 
steps it uses to obtain linear, digital, 
and electrically erasable memories 
on one chip don’t compromise chip 
performance. 

Problems with simulating an 
analog-digital circuit occur because 
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For more information . Ses 


For more information on the standard-cell ICs diane in this article and listed in the tables pageaee on pg” PB, 
circle the appropriate number on ae inforeson Retrieval Service card or contact ne TOE manufacturers 


directly. 


_ Asea Hafo Inc 
11501 Rancho Bemanic Rd 
San Diego, CA 92128 _ 

— (619) 485-8200 
CircleNo627 


Barvon Research Inc 
1992 Tarob Ct 
- Milpitas, CA 95035_ 
(408) 262-8368 
Circle No 628 


California Devices Inc 
1051 S Milpitas Blvd 
Milpitas, CA 95035. 
(408) 945-5000 

Circle No 629 


Custom Silicon Inc 
-— 600 Suffolk St 
Lowell, MA 01854 

(617) 454-4600 

Circle No 630 


Exar Corp 

750 Palomar Ave 
Sunnyvale, CA 94086 

(408) 732-7970 

Circle No 631 


Fairchild 
1801 McCarthy Blvd 
Milpitas, CA 95035 
(408) 942-2672 
Circle No 632 


Fujitsu Microelectronics Inc 
3320 Scott Blvd 

Santa Clara, CA 95054 

(408) 727-1700 

Circle No 633 


GE Semiconductor 
Custom IC Div 
Box 13049 


- Research Triangle Park, NC 27709 


(919) 549-3100 
Circle No 634 


Gould Inc 
Semiconductor Div 
3800 Homestead Rd 
Santa Clara, CA 95051 
(408) 554-2327 
_ Circle No 635 


Harris Semiconductor | 
Box 883 

_ Melbourne, FL 32901. 
(305) 724-7800 
Circle No 636 


HMT Microelectronic AG 
Industriestrasse 20 
CH-2555 Brugg b/Biel - 
Switzerland 

(032) 53-2323 

Circle No 637 
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Honeywell Inc _ 


_ GaAs IC Product Center _ 
830 E Arapaho Rd | _ 


Richardson, TX 75081 
(214) 234-4271 © 
Circle No 638 _ 


Hughes Aircraft Co 
Semiconductor Div 


500 Superior Ave ——«™” 
_ Newport Beach, CA. 92658 


(714) 759-2727 


Circle No 639 


_ Intel Corp 
_ Cellular Products Marketing, CH2-78 
5000 W Chandler Bivd 


Chandler, AZ 85226 — 
(602) 961-2893 _ 


Circle No 640. 


_ International Microelectronics Products 


2830 N First St 


San Jose, CA 95134 
(408) 262-9100 | 
_ Circle No 641 


__ LSI Logic Corp 
_ 1551 McCarthy Blvd 
_ Milpitas, CA 95035. 
(408) 433-8000 
Circle No 642 . 


Marconi Electronic Devices Inc 
IC Div 

80 Smith St 

Farmingdale, NY 11785, 


— (616) 756-1900 


Circle No 643 


Matra Design Systems 
2840 San Tomas Expressway 


Santa Clara, CA 95051 


(408) 986-9000 


Circle No 644 © 


Micro Linear _ 
2092 Concourse Dr 
San Jose, CA 95131 
(408) 262-5200 
Circle No 645 


Micro Power Systems 
3151 Jay St : 

Santa Clara, CA 95054 
(408) 727-5850 
Circle No 646 


Mietec | 
Westerring 15 
9700 Oudenaarde 
Belgium 


6) 322 


Circle No 647 


Mitsubishi Electronics 


1050 E Arques Ave 
‘Sunnyvale, CA 94086 


(408) 730-5900 _ 


Circle No 648 


Motorola Inc 
_ ASIC Div 
1800 N Alma School Rd 


Chandler, AZ 85224 
(602) 821-4430 


_ Circle No 649 


National Se wicondacior 
Box 58090 : 
Santa Clara, CA 95052 
(408) 749-7431 

Circle No 650 


NCR Microelectronics Div 
Semicustom Marketing 
2001 Danfield Ct 

Fort Collins, CO 80525 
(303) 226-9500 

Circle No 651 | 


NEC Electronics Inc 
401 Ellis St 

Mountain View, CA 94043 
(415) 965-6039 _ 

Circle No 652 


Oki Semiconductor 

650 N Mary Ave | 
Sunnyvale, CA 94086 __ 
(408) 720-1900 
Circle No 653 


Pacific Microcircuits Ltd 
1645 140th St 

White Rock, British Columbia 
Canada V4A 4H1 

(604) 536-1886 

Circle No 654 


Plessey Semiconductors Ltd 
3 Whatney 

Irvine, CA 92718 

(714) 951-5212 

Circle No 655 


RCA Corp 

Rte 202 

Somerville, NJ 08876 
(201) 685-7119 

Circle No 656 


SGS Semiconductor Corp 
1000 E Bell Rd 

Phoenix, AZ 85022 

(602) 867-6100 

Circle No 657 


Siemens AG 
Balanstrasse 73 
8000 Munchen 80 
West Germany 
(089) 4144-2702 
Circle No 658 | 


Sierra Semiconductor 
2075 N Capital Ave 
San Jose, CA 95132 
(408) 263-9300 

Circle No 659 


Signetics Corp 

Box 3409 

Sunnyvale, CA 94088 
(408) 991-5395 

Circle No 660 


Silicon Microsystems Ltd 
Gastons Rd 

Malmesbury, Wiltshire 
England SN16 0BE 

(44) 6662-4844 

Circle No 661 


Silicon Systems Ine _ _ 
14351 Myford Rd 


Tustin, CA 92680 
M4810 + ~C 


Circle No 662 — 


Silicon West Inc |. 


2699 E 28th St . 


(213) ce 
Circle No 663 


'S-MOS Systems Ine _ 


50 West Brokaw | 


"San Jose, CA 95110 : 
(408) 998-1212 
_ Circle No 664 


Standard Microsystems 
35 Marcus Blvd | 
Hauppauge, NY 11788 
(516) 273-3100 © _. 
Circle No 665 


STC Semiconductors. 
Maidstone Rd _ 
Foots Cray, Kent © 
England DA15 5HT 
(01) 300-3333 


Circle No 666 


Texas Instruments _ 


Box 655474 
Dallas, TX 75265 — 
(214) 997-2031 © 


Circle No 667 


TLSI Inc _ 
790 Park Ave |. 
Huntington, NY 11743 _ 
(516) 549-6300 
Circle No 668 


Toshiba America Ine 


1220 Midas Way © 


Sunnyvale, CA 94086 
(408) 733-3223 © 
Circle No669 


-‘Triquint Semiconductor I 


Box 4935 _ 

Beaverton, OR 97076 : 
(503) 629-4227 ~=—=siw 
Circle No 670 


Unicorn Microelectronics 
99 Tasman Dr 


“San Jose, CA 95134. 


(408) 433-3388 


_ Circle No 671 


VLSI Technology Inc 

1109 McKay Dr 
San Jose, CA 95131. 
(408) 942-1810 | 
Circle No 672 | 


VTC Inc | 
2401 Be6thSt ~—C 
Bloomington, MN 55420 
(612) 851-5200 
Circle No as 


Zymos Corp — 
Sunnyvale, CA 
(408) 730-8800 _ 
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SINCE YOU MUST 
COMPLY... 
FCC/VDE/UL CSA’ 


ELIMINATE RIS 


Check our ex- _. 
Clusive guaran- : 
tee when your 
product faces 
Emissions, 
Safety or Tele- 
com spec hur- 
dies. Meet FCC 
Part 15/68, UL®, 
CSA®, TUV®, VDE or 
DOC Telecom specs with little risk or bother. 

Dash, Straus & Goodhue, Inc., is the East 
Coast's largest research laboratory specializing 
in compliance, and the first New England lab to 
earn Canadian DOC certification. 


ELIMINATE 

STAFF 
OVER- 

LOAD 


Here is our 
unique guaran- 
, teed rate/guaranteed 
date program: We quote a 
complete cost and a completion date for bring- 
ing your product into compliance . . . up front. 


ELIMINATE IMPEDIMENTS 
TO MARKET 


We handle 
design consul- 
tancy, test, retro- 
fit procedures 
and al// 
paperwork. 

DS&G offers 
combined pro- 
grams for products 
that must comply 
with several standards. 


ELIMINATE CUSTOMER 
PROBLEMS 


We also de- 
liver custom- 
ized seminars 

in test tech- 

niques, legal 
procedures, 
and site design 
so that your 
company can 
handle testing 
and filings in house. 


| Compliance ! 

| Engineering FREE 

e 1987 Compliance 

ee Engineering 1987 
available FREE 


The industry's best 
guide to compliance, 
available January 1987 


Accredited by the National Bureau 
of Standards for Emissions and 
Telecommunications Testing 


nov 


Dash| Straus Goodhue 


Dash, Straus & Goodhue, Inc. 
593 Massachusetts Avenue, Boxborough, MA 01719 
617-263-2662 


For information on Dash, Straus & Goodhue 
circle 123 


For Compliance Engineering circle 162 
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You can design complex ICs by using stand- 
ard-cell-IC libraries. This chip, which was 
designed with Custom Silicon’s library, im- 
plements a 64-bit bus interface for a memory 
module. 


linear designs require more simula- 
tion parameters than do digital de- 
signs. Digital simulators, which are 
designed to handle thousands or 
tens of thousands of gates, use sim- 
plified transistor or gate models, so 
they don’t model linear circuits well. 
Linear circuits use circuit simula- 
tors like Spice, which can’t model 
large digital circuits. The simulation 
of such a digital circuit wouldn’t fit 
in most computers and would take 
an unacceptably long time to per- 
form. 

Mixed analog-digital circuitry can 
also pose layout and testing prob- 
lems. Because a digital system gen- 
erates most of its current on a clock- 
signal edge, spikes on the 
power-supply lines can appear dur- 
ing a clock transition. Such spikes 
distort linear signals. Therefore, 
most manufacturers require you to 
put linear and digital circuits on 
Separate areas of a die, which solves 
the problem by buffering the power 
supply. Similarly, because testing 
methods for analog and digital cir- 
cuits are different, you'll probably 
have to add circuitry to separate 
analog and digital test cells. 

Despite these problems, manufac- 
turers are continuing to add cells to 
their linear-cell libraries. To solve 


the simulation problems, most stan- 
dard-cell-IC vendors are developing 
analog-digital simulation programs, 
although these programs won’t be 
ready this year. 

One solution to the layout and 
testing problems encountered in 
analog-digital circuits is to produce 
designs, as IMP does, that are ei- 
ther mostly digital or mostly analog. 
In these designs, the problems of 
mixing digital and analog circuitry 
aren't as great as they are in de- 
signs that have a more even ratio of 
analog circuitry to digital. To make 
it easier to add analog circuits to 
digital designs, IMP is working 
with Silicon Compilers Inc on a sili- 
con compiler for analog design. 

Another solution to the problems 
associated with mixing analog and 
digital circuitry is to use switched- 
capacitor techniques to design lin- 
ear circuits. Sierra, NCR, Gould, 
and National Semiconductor employ 
the processing technology used for 
electrically erasable devices. Be- 
cause it uses two layers of polysili- 
con, this processing technology is 
better than single-poly processes for 
creating precision capacitors. Such 
capacitors can be used to form 
switched-capacitor circuits, which 
are widely used for implementing 
linear circuits, particularly filters. 

Although some problems with 
standard-cell ICs remain, many oth- 
ers appear to be solved. Latch-up, 
for instance, which was once trou- 
blesome in CMOS standard cells, 
has pretty much been solved by the 
use of latch-up-resistant epitaxial 
wafers. EDN 
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Do it magnetically. Or do it optically. Either way, Sprague makes sense. With built-in 
functions such as hysteresis and temperature compensation, integrated circuits are better 


Dp and more cost effective than discrete components. Doing it 
At magnetically, Sprague Hall Effect sensors simplify switching by 


detecting motion, position or change in the field strength 
iT ‘ : H of an electromagnet or permanent magnet. They use little 
energy and switch without bounce. Applications include 


. . mR 7 ignition systems, speed controls, computers, and brushless 
_ IO / “wdc motors. Doing it optically, Sprague optoelectronic sensors combine IC 
~ * “® technology with clear plastic packages or top-looker hermetically-sealed metal 
cans. Applications include low-light detection for optical encoders and couplers as well as twilight detection for street and 
emergency lighting. Start with us. Sprague Electric Company, a Penn Central unit, Lexington, MA. For our Sensor data 
package, write to Technical Literature Service, Sprague Electric Company, P.O. Box 9102, 
Mansfield, MA 02048-9102. For applications assistance call Customer Service Center in 


Concord, NH at (603) 224-1961. 
CIRCLE NO 144 


Every two weeks, EDN shows you how to 
use and apply new products and technology. In 
short, how to design. 

Through staff-written reports, Designer’s 
Guides multi-part features, and contributed appli- 
cations articles, EDN brings you “technology in 
depth.” And it’s what sets EDN apart as the pre- 
mier applications-oriented publication among 
design engineers and engineering managers in the 


electronic OEM. WS ALS 
As proof, youchose EDN as the most useful _ N 
electronic engineering publication in a whopping ae 
i : enhan olfs Ntegrate diye 
24 out of 25 independent reader preference studies “ncements on one chit 
in 1985. 


Now, EDN shows you in even greater depth 
than before what new products are available to 
design with. With EDN Product News. 

In a tabloid format, EDN Product News 
mails monthly toEDN’s U.S. and Canadian circu- 
lation. It is designed to help you select new com- 
ponents, equipment, and systems. And to 
complement EDN, which continues to provide the 
first rate editorial that has made it first among 
electronic engineering publications. 


EDN and EDN Product News. 
Bringing you complete coverage of the 
design and product selection process. 


Cahners Publishing Company 


A Division of Reed Publishing USA 


Specialized Business Magazines for Building & Construction, Electronics & Computers, Foodservice, Manufacturing, Book Publishing & Libraries, and Medical/Health Care. 


Cahners Building + 275 Washington Street > Newton, MA « 02158-1630 « (617) 964-3030 
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Long hours. 
Late nights. 


Lost weekends. _ 


Nobodysaid 
choosing an ASIC company 
was going to be easy. 


| National 


Semiconductor 


‘RPI ibitettbnsenesse steeds 


Weliiesisipensany 


Xerox spent a year 
examining the same 
ASIC companies youre 
looking at now 


Only one made it 
to the top. 


Long hours. Late nights. Lost week- 
ends. Nobody said it was going to be easy. 
But choosing the right ASIC manu- 

facturer is critical to your product's 
success — and perhaps your company’s. 

So when Xerox anticipated their 
long-term needs for CMOS gate arrays 
and standard cells, they constructed 
a comprehensive list of criteria and 
launched a world-wide search. 

That search took more than a year 
and involved over 30 companies. In the 
end, only one had the right combination 
of sophisticated design tools, extensive 
cell libraries, dedicated engineering 
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and support staffs, well-established 
manufacturing strength, the flexibility to 
meet customer needs, and a demon- 
strated long-term commitment to ASIC 
technology. 

Because Xerox knew they needed 
more than just an ASIC supplier... . they 
needed an ASIC technology alliance. 

That’s why Xerox chose National 
Semiconductor. 

If you want to learn what Xerox 
learned about National, just write: 


National Semiconductor Corp. 
MS/23-200 

P.O. Box 58090 

2900 Semiconductor Drive 
Santa Clara, CA 95052-8090 


National 
i Semiconductor 


71 


TECHNOLOGY UPDATE 


TECHNOLOGY PERFORMANCE LIBRARY 


# OF CELLS | 
IN LIBRARY | 


STANDARD CELLS 


DELAYS WITH TWO 


MAXIMUM NUMBER 
LOADS AND 


OF GATES 
RECOMMENDED 

> G| FOR IMPLEMENT- 
TYPICAL GATE 
1-mm METAL 


(nSEC) 
FREQUENCY 


GEOMETRY 
D FLIP-FLOP 
TOGGLE 
(MHz) 


PROCESS 

| TECHNOLOGY 
PROCESS 
(um) 


TYPICAL 


MANUFACTURER 


_| ATION ON ONE CHIP 


| TYPICAL OUTPUT- 
| BUFFER DELAYS 


$| WITH 50-pF OR 
| TWO TTL LOADS 


: (NSEC) 


| COMPILABLE i 


BARVON RESEARCH 


BC-6000 Si-GATE CMOS 
BIPOLAR 

BC-4000 Si-GATE CMOS 
BIPOLAR 


custom silicon | cMosi | siGarecmos | 3 [| 6000 | 2 | 50 | 56  |[aso;— | 
|_cMosi | sigarecmos | 2 [25000 [| 1 | as S| Sift — | sid 


FAIRCHILD 


HARRIS 
SEMICONDUCTOR 


HONEYWELL 
IC PRODUCT 


MATRA HARRIS MB 
SEMICONDUCTEURS 


eae 


2 ob | Ff 
: 60 


iV 
~ CMOS VI MOLYBDENUM- 
GATE CMOS 
xa 
M65000 Si-GATE CMOS 


MICRO POWER 
SYSTEMS 


MITSUBISHI 
ELECTRONICS 


LCC S = SURFACE-MOUNT PACKAGE 
PIN-GRID ARRAY 


*P = PLASTIC DIP 
_ C = CERAMIC DIP 


GQ) r- 
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TECHNOLOGY UPDATE 


SIMULATION PARAMETERS 
NONCOMBINATORIAL CELLS | |, | | 
__(SPECIALFUNCTIONS) =| 


GENERAL 


OAD- DEPENDENT / 


TYPICAL POWER 
DISSIPATION 
SPECIFICATIONS 


FAN-IN 
POWER-SUPPLY 


TEMPERATURE 


SENSITIVITY 
| SPECIFICATIONS 


TEMPERATURE 


OPERATING 
PACKAGES* 


AMBIENT 


-55 TO +125 BC,L,G,5 


re | 457055 
“5570 +125 | POLG.S 


2 | 457055 -55 TO +125 PC,GS 


ca 2+10% 0 TO 70 LGs 


| ieee 


Table continued on pg 78 
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Ss great, its supporting 
entire office.’ 
: “Like we said, our one printer 
would replace four of their old 
daisywheels.” 


“Funny to think where we were 
just a year ago, isnt it?” 


we would stall be 
thadnt been for the 
000. 


Only one 32-bit 
roprocessor could 


er the performance 
products needed for 
r new laser printer. 


ries 32000 family. 


Dataproducts needed apower- National Semiconductor. 4 
ul product to fill an important So Dataproducts met the _ 


| market demand for a high- _ 
They wanted to introduce performance cost-efficient | 
r-printer speeds into daisy- solution. 
vheelenvironments.Sothey Which means the Series 
eveloped the LZR-2630. It 32000 is not only the right 
ntsupto26pagesaminute, engineering decision for today, 


ull page ata time, ondemand. it’s also the right buszness 


| . | etitsfullycompatiblewith decision for tomorrow. 
|. a eee =the enormousinstalled base of Find out how you can build 
_w we EC —wordprocessing software. the future into your own 32-bit 
- The secret of such speed design. Contact National 
d pes is National's Semiconductor today. 
Series 32000° family. | 2900 — 
The Series 32000 performs ea a0) 
hree times faster than its Santa Clara, CA 95052-8090. 


nearest competitor in this appli- 
cation. So Dataproducts got the 
throughput they needed for 


ent tools, compre- 


estic systems, full 


| National 


= 
£ 
O 
_ 
© 
L. 
Oo 
Oo 
= 
ce) 
ep) 


_ Advanced | 
‘Peripheral, 
| Processing | 


Solu 


NS | 
aT | 


It used to be out of the question to 
add a local area network interface to a 
low-end work station or peripheral. 

Too costly. Too complicated. And too con- 
stricting when standards were still 
being debated. 

But with National’s complete three- 
chip LAN set, all that has changed. It 
integrates the functions you need to 
meet the high-reliability specs of the 
IEEE 802.3 standard — even the 
1-million-hour MTBF for the transceiver. 
Yet it shrinks total board space down to 
about 15 square inches. And cuts parts 
costs to a fraction of what they were 
with discrete ICs. 


No Longer an Ether/Or Question 
Our new chip set gives you the flexi- 
bility of offering 10-megabit/ second 
capability with Cheapernet’s lower-cost 
cable and connectors. Or the conve- 
nience and economy of Starlan’s twisted- 
pair solution at 1 megabit/second. You 
can even change or modify your existing 
system. Each offers significant ease 


The DP839EB Evaluation Board contains the entire LAN 
Chip Set: the DP8390 Network In terface Controller, DP8391 
Serial Network Interface and the DP8392 Coaxial 
Transceiver Interface. 
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National Adds a New 
‘Twist to Your LAN Options. 


Ethernet, Cheapernet and now Starlan 
“twisted pair” capabilities. Our LAN interface 
is the first to meet all the specs, all the 
functions for the IEEE 802.3 standard. 


of installation at a fraction of the cost 
of Ethernet. 

And you get all this networking capa- 
bility with only one software develop- 
ment effort. 


Easy to Glue Together 

To complete a 10-megabit/second 
LAN interface, this new chip set needs 
only a few additional components. The 
Coax Transceiver Interface, for example, 
requires just one resistor, plus signal 
and power isolation. The Serial Network 
Interface utilizes a patented digital phase- 
lock loop design that eliminates the 
need for precision analog components. 
And the Network Interface Controller 
itself incorporates two 16-bit DMA 
channels and buffer memory manage- 
ment functions, which reduce the net- 
work interfacing tasks of the host CPU. 


Making the Right Connections 

The potential of the LAN market is 
now ready to be tapped. By someone. And 
we've made it easy for that someone to 
be you. Our new DP839EB LAN chip 
evaluation board is now available. It plugs 
directly into an IBM PC or PC- com- 
patible, and gives you a complete diag- 
nostic environment for evaluating the 
full potential of these chips. So you can 
see for yourself what a powerful — and 
cost-effective — solution they can provide 
for your design needs. And all for only 
$479 per board. Just call your local 
National Sales Engineer today. 


4 National 
Semiconductor 


Og 


MS/23-200, 2.0. Box 58090, 2900 Semiconductor Drive, Santa Clara, CA 95052-8090 (408) 721-5893 
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STANDARD CELLS (Continued) 


TECHNOLOGY 


PERFORMANCE LIBRARY 


necamennemecminanatn 


#OF CELLS 
IN LIBRARY 


PROCESS 
TECHNOLOGY 
PROCESS 
GEOMETRY 
MAXIMUM NUMBER 
OF GATES 

FOR IMPLEMENT- 
ATION ON ONE CHIP 


MANUFACTURER 


RECOMMENDED 
TYPICAL GATE 
DELAYS WITH TWO 
LOADS AND 

1-mm METAL 
(nSEC) 

D FLIP-FLOP 
TYPICAL OUTPUT- 
BUFFER DELAYS 
WITH 50-pF OR 
TWO TTL LOADS 


TOGGLE 
FREQUENCY 


TYPICAL 
(MHz) 


er ari eee etn yim ton tng Bat ene 


COMPILABLE 


PLESSEY 
SEMICONDUCT ORS 


Si-GATE CMOS 2 
Si:GATECMOS | 3 | 
SiGATECMOS | 5 | 


CUSTOM- 
ATION II 
CUSTOM- 
ATION II 


SiGATECMOS | 2 
Si-GATE CMOS ae 


~ TOSHIBA 
_ SEMICONDUCTOR 


COMPILE 
_CMOS 
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SIMULATION PARAMETERS 


INCLUDED IN CELL MODELS GENERAL 


NONCOMBINATORIAL CELLS 


~ 
(SPECIAL FUNCT IONS) Ff c - oe — 
: ra sw |e z| 2 oi rm 
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National 


i Semiconductor 


resect G AISA 


Take our mass storage 


VLSI chip family out for a 
little spin Or 4 big one. 


Only one family of mass storage chips 
can move you along the entire 
design spectrum-from 50 Kbps to 25 Mbps. 
Without shifting gears. 


The disk industry today has alot ofheads —_ microCMOS. All of which reduces your overall 
spinning. With drives of all sizes, shapes, system costs, and boosts both your compet- 
types and interface requirements. With more _ itive edge and your profits. 
advanced technologies pushing transfer rates , 
and densities ever higher. And with users 
demanding higher capacities — but in 
smaller, lower-power packages. 

That’s why hundreds of designers have lyase Ngee 
already specified National’s DP8466, the usenanssshcnsessen anes Mogc acts 
hard disk controller, and its complete family | § p a 
of support chips. The only chip set versatile | pe Te oe 
enough to handle today’s broad range of 
drive products. From the PC to the mainframe. 

The DP8466 makes key operating features 


a me oe a ae 


Apso 


ee EL-OZUt es Pe {Get 


National’s Mass Storage Family 


DP8466 NS 32966) Disk Data Controller 
‘ ik . DP8462 NS 32962) 2,7 Data Synchronizer 
user programmable. So things like data for Desh NE OOURGH OLE Wc 


mats, error correction codes, and interface 
re : : ; DP8465 NS 32965) Data Separator 
characteristics can be configured interactively 


( 
! 

DP8464B (NS32964B) Pulse Detector 
( 

DP8470 (NS 32970) Floppy Disk Data Separator 
( 


for virtually any drive — using the same DP8472 _(NS32972) _ Floppy Disk Controller Plus 
controller chip. Then too, the DP8466 and So whatever type of high-performance 
supporting parts work with National's Series disk product you’ re designing, look to 
32000" microprocessor and any other 8-, —_—_ National for the complete controller solution. 


16- or 32-bit microprocessor. And theycon- We can help you get to market quickly. 
form to all major drive interface standards. Without spinning your wheels. 


Wherever your system falls in the price/ For full details, contact your local National 
performance spectrum, our mass storage office today. 
family has you covered. With data rates rang- National Semiconductor Corporation, 


ing all the way from 50 Kbps to 25 Mbps. With yg /23-200, P.O. Box 58090, 2900 Semicon- 


advanced VLSI architecture that integrates ductor Drive, Santa Clara, CA 95052-8090 
more disk data path functions thanhas been (408) 721-5893 


possible before. And with exceptionally 
low controller power consumption, using 


A National 
) Semiconductor 


Drives courtesy of Control Data Corporation and Rodime, Inc. 

APPS is a trademark of National Semiconductor Corporation. 
Series 32000 is a registered trademark of National Semiconductor Corporation. 
© 1986 National Semiconductor Corporation 
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National 
Semiconductor 


Introducing the 
worlds first monolithic 


() amp op amp. 


It drives 150W into 4A. And it’s 


fault tol THAT'S NOT ALL. 
ae ciate | THERE'S AWHOLE FAMILY 
The new LM12 from National OF POWER OP AMPS 
Semiconductor outdrives the average FROM NATIONAL 
op amp by 1000 times, and eliminates the 
need for you to design discrete power- 
transistor circuitry and many complex ihe a. : ae 
switching schemes. Op Amp Current Rate Vs(max) 
THAT'S RIGHT. IMICIK 0A Vus. Sm 
IT SIMPLIFIES YOUR DESIGNS. IMT A SO 
The LM12 obsoletes many of the LHOIOICK 2A 10Vus 10mV 
conventional switching, protection, fault IHOOUCK =—SOIA~~SO3Yus.—Ssmv 
tolerance and thermal limiting devices Cate cs a ee 
youve had to use. LHOUOICK, OA. ps, Ain 
Use it to simplify the design of such LHOO4ICG 0.24 3Vus  6mV 


circuits as audio amplifiers, servo ampli- 
fiers and voltage regulators. The LM12's 
peak power rating of 800W makes it 
perfect for driving reactive loads. 

Only National, the Linear Leader, 
could offer you a single-chip op amp 
with so much power and versatility. 

All further enhanced by quality that’s 
second to none. Our unique quality- 
assurance programs keep the reliability 
of our products at the highest levels 

in the industry. 


Innovation has always been our 
tradition. In 1966, by encouraging 
the work of bold designers like Robert 
Widlar, National introduced its first 10 
mA op amp. Recently, our LM675, a 
3, amp device, has been making the 
headlines. 

And now there's the LM12. It’s 
technology on the cutting edge, still 


82 CIRCLE NO 179 


But wait, theres more. 


spearheaded by Widlar. Only from 
National Semiconductor. 


YOU GET MORE 
INNOVATIVE FEATURES FOR 
GREATER FLEXIBILITY. 


© 150W into 40 

© Power bandwidth of 60k Hz 
¢ (+) 10A output current 

© Output current limiting 

© Output thermal protection 


The LM12 allows you greater power 
as well as greater freedom of design 
than ever before. For information about 
the LM12 or any of the other members 
of National's family of op amp devices, 
call your National sales engineer or 
distributor today. 


7A, National 
4.4: Semiconductor 
MS/23-200, 2.0. Box 58090, 


2900 Semiconductor Drive, 
Santa Clara, CA 95052-8090. 
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5 Let’s assume you're 
IT S AMAZ [nG HOW LITTLE responsible for the activi- 

& : ties of a design group 
100,000 BUYS A DESIGN GROUP involved in a large, com- 


plex project—one that 
requires several engineers 
to work simultaneously on 
sub-projects. Let’s also 
assume that you'd like to 
complete the work in the 
best, fastest, most cost- 
efficient manner. 

With $100,000, you 
could buy a single CAE 
workstation. Sure, it’s 
powerful. But your engi- 
neers will have to wait in 
line to use it. 

On the other hand, 
with the same $100,000, 
you could buy five IBM 


Ss AM G HOW MUCH sf a Mi ; 
IT’S AMAZIN ATS® a MicVAX I an 
$100,000 BUYS ADESIGN GROUP, ets 


addresses a design engi- 
neer’s total workday needs 
—design, documentation, 
communications. 

By opting for this solu- 
tion, you give your engi- 
neers on-demand access 
to a powerful desktop 
CAE system. With design 
facilities that include a 
schematics editor and an 
interactive simulator and 
fault grader with waveform 
I/O editing. 

Workview’s documen- 
tation and communica- 
tions facilities enhance 
the flow of design data 
between departments. 

So you reduce the possi- 
bility of error in the prod- 
uct flow cycle. 

And Workview is com- 
patible with most existing 
engineering environments. 

For more information, 
call us toll-free at 1-800- 
CAE-VIEW. In MA, the 
number is 617-480-0881. 


es 
VIEWlogic 


Viewlogic Systems, Inc., Marlboro, MA 01752. © 1986 Viewlogic Systems, Inc. All rights reserved. Viewlogic and Workview are registered trademarks of Viewlogic Systems, Inc. 
IBM and IBM Personal Computer AT are registered trademarks of International Business Machines Corporation. MicroVAX II is a trademark of Digital Equipment Corporation. 
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It’s simple, but it’s a CLASSIC™ The 
Custom Logic Analysis and Simulation 
System for Integrated Circuits. From 
Plessey. For today’s semicustom world. 

CLASSIC is more than user friendly. 
It allows System Designers to concentrate 
on what they do best — design systems — 
not struggle with complex software. 

You control a precise, rapid-fire design 
process which can, for example, put a 
10,000+ gate prototype in your hand four 
weeks after you deliver the layout tape. 


And we're talking about a 98 percent 
first time hit rate. Guaranteed! In 2- or 
3-micron high-performance CMOS. 

Plessey CLASSIC puts the design tools 
you need at your very own workstation. 
From initial design, through schematic 
capture, to simulation and test, you’re in 
control working with the finest design 
tools available. 

And, once you're finished, who better 
than Plessey to handle the manufacturing? 
We're a $2 billion company with more 
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son to make 
SIC company. 


than 25 years of ASIC experience. SN2 2QW. In Brussels, Belgium (02) 
So, if you’re looking for a reason to 7339730: Les Ulis, France (6) 4462345; 
select an ASIC company, keep it simple. Munich, Germany (089) 23620; and Milan, 


And contact the one company that stays Italy (02) 390044/5. 

with you from idea to completed circuit. 

Call 1-800-321-0871. Or write to Plessey 

i PLESSEY 
Outside the U.S. call SWINDON | 

(0793) 36251. Or write to Plessey : 

Semiconductors Limited, Cheney Manor, ASIC from thought to finish. 


Semiconductors, 3 Whatney, Irvine, CA 
Swindon, Wiltshire, United Kingdom Plessey and the Plessey symbol are trademarks of the Plessey Company plc. 


FOR FREE ON-LINE INFORMATION, dial 1-800-345-7335 with any 80-column ASCII terminal or PC and a 300 or 1200 baud 
modem (EVEN or IGNORE parity, 7 data bits, 1 stop bit). At “Enter Response Code? Type GR8ASICS. In Conn. Dial (203) 852-9201. 
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The sum of the parts on the left side 
of the equation approximately equals the 
Sierra standard cell chip on the right. 
But not quite, because less is always more. 
And now Sierra Semiconductor 
can put more on a chip — analog, digital, plus 
FE? functions that replace dip switches and 
potentiometers — for less than ever before. 
How much less? Enough to make 


86 


DIP switch 


Potentiometer 


our prototyping time and costs competitive 
with gate arrays. 

Enough less to finally make your 
self-adapting and remotely-maintainable DP 
telecommunication and control systems 
competitive in the market. 

The secret? To combine analog, digital 
and E? on a chip, we embed E? circuitry in 
digital flip-flop and latch cells, then provide 


EDN October 2, 1986 


a 
Standard Cell 


high-voltage generation and timing cells to And the complete schematic-to-test CAD, 


program them. The result’s a price-competi- training and sub-2-micron CMOS manu- 

tive replacement for dip switches and pots: facturing you need along with them. 

an E2PROM cell that’s as easy to use as Add it all up. You'll find our 

a flip-flop. That requires no special testing. commitment to cell-based design exceeds 
And is available only from us. the sum of its parts. And if you’re considering 
Only Sierra offers an E? library. Plus an ASIC, that’s more than enough reason 

over 250 digital cells. More than 30 analog to call Sierra Semiconductor, (408) 263-9300. 


cells. Plus companion compiler and megacells. | 2075 N. Capitol Ave., San Jose, CA 95123. 
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<3 Sierra Semiconductor 


Custom Technology Standard. 
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Command and control 


Avionics 


neeis neey demand. : 


In the field of Pte tle Sp ecific 
‘integrated circuit technology, Marconi meets 
every demand - in ee QA.and — 


_ delivery. 


Silicon-on-Sapphire 
Standard Products 


@ Digital Signal processors -including 
correlator MA 7170. 

® Microprocessors -including 
MILSTAN 1750A. 

® 1553 Databus products. 

@ Space approved RAMs. 

@ Image processing. 


- Fromone supplier 


Ses om-Sapphire ia 


Semi-Custom 
@ DLM Gate Arrays -—to 3800 gates. 
@ Standard Cell 
—3 and 5 micron. 
— Custom SSI to MSI. 
— Custom analogue. 
- RAM/ROM. 
@ One-site capability. 


you get the performance you need now tor 
unrivalled high Integrity meres. 


Berar Deve 


INTEGRATED 
CIRCUITS 


Electronica’86 Munich. Hall 24A, Stand 22-24 


SEM cure 
ee fe c Devices, SES Electronics m 
al Park ar 


incoin : 
Baddingsen Road 18860. Y NORDLINGEN D8770-LOHR 3 
Lincoln LNé 3LF Tel: 090 81 804143 Tel: 093 52 2084 
Te Onze Sorts Electronica '86 Stand 25A2 Electron 
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TELECOM 
CONSAR Contor fiir Elektronik 


eas SPACE 
GmbH ta eee ee tronic Vertriebs GmbH 


Deo: 3 “HAAR MONCHEN 


ica '86 Stand 22 D 26 Electronica ‘86 Stand 22 D 29 
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-IFYOUBUYA 
HARRIS HI-508A MUX, 
T’S YOUR FAULT. 


Get +35V fault protection with 
the MAX358. 


Maxim’s MAX358/359 are 8-channel/dual 4-channel analog 
multiplexers fully compatible with the HI-508A/509A. Yet they offer 


vastly improved fault protection. Fault Protection Comparison 
For instance, the MAX358 __100ma Harris HI-508A 
allows less than1nA of input = = ‘ima 
leakage current under power- 3 100#A 
vy: ~ I10uA 
down fault conditions rather 3: iA 
than the many mA allowed by 5 


the HI-508A (see graph). 
Moreover, the MAX358 can toe 


withstand a continuous +35V pA =30V —20V 10V_ Oy OV +20V +30V 
overvoltage, on all pins simul- Conditions: V+ = V- = OV 


taneously. While the original can withstand only +20V on one pin. 
And even less on all pins without exceeding power ratings. 

Consequently, the MAX358 prevents overvoltage damage to 
the circuits it drives as well as those that drive it. 


An improved 2nd source that doesn’t 
require D.I. processing. 


Better yet, the MAX358 gives you great fault protection without 
the HI-S08A’s costly dielectric isolation processing. 
What's more, the MAX358 is more reliable. Because (like every 
other Maxim part) it's burned in at 150°C for 24 hours. Absolutely free. 
We also make a plain spec-compatible HI-508A or HI-509A, 
if that’s all you need. 

So for datasheets and samples, call your Maxim representative 
or distributor today. 

Maxim Integrated Products, 510 N. Pastoria Avenue, 
Sunnyvale, CA 94086, (408) 737-7600. 


SVIAAL/VI 


Distributed by Hall-Mark, Pioneer, Graham, Diplomat and Bell. Authorized Maxim Representatives: Alabama, (205) 536-3044: Arizona, (602) 860-2702: 
California, (408) 727-8753, (619) 279-0420, (714) 739-8891: Colorado, (303) 841-4888; Connecticut, (203) 269-7964; Florida, (305) 365-3283; Georgia, (404) 448-1215: Idaho, 
(801) 266-9939; Illinois, (312) 956-8240; Indiana, (317) 849-4260: lowa, (319) 377-8275; Kansas, (316) 838-0884; Maryland, (301) 583-1360; Massachusetts, (617) 444-8071: 
Michigan, (313) 499-0188; Minnesota, (612) 941-7181; Missouri, (314) 291-4777, (816) 356-6340; Montana, (503) 620-1931; New Hampshire, (603) 772-3300; New Jersey, 

(609) 933-2600; New Mexico, (505) 884-2256; New York, (516) 543-0510, (716) 385-7744; North Carolina, (919) 847-8800; Ohio, (216) 659-9224, (513) 278-0714, (614) 895-1447: 
Oklahoma, (918) 832-7747; Oregon, (503) 620-1931: Eastern Pennsylvania, (609) 933-2600; Western Pennsylvania, (513) 278-0714; South Carolina, (803) 233-4637/8; Texas, 
(214) 386-4888, (512) 451-2757, (713) 778-0392: Utah, (801) 266-9939: Washington, (206) 453-8881; Wisconsin, (414) 476-2790. Canada, (416) 238-0366, (514) 337-7540, 

(604) 464-7620, (613) 564-0049. 


United Kingdom, Maxim UK Ltd., 07-357-5255, Dialogue Distribution, Ltd., 0276-682001, Thame Components, Ltd., 084-421-4561. Maxim is a registered trademark of 
Maxim Integrated Products. © 1986 Maxim Integrated Products. 
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TECHNOLOGY UPDATE 


High-density EPROMs expand code space 
while standard footprints ease retrofits 


Denny Cormier, Regional Editor 


High-density UV-EPROMs now 
offer capacities ranging to 1M bit 
and beyond, and you'll find CMOS 
versions as well as NMOS ones. 
Moreover, manufacturers are con- 
forming to JEDEC footprint stand- 
ards to ensure compatibility be- 
tween EPROMs ranging from 64k 
bits on up. 

Intel has been at the vanguard of 
the EPROM pin-compatibility move- 
ment by proposing three JEDEC 
footprint standards for EPROMs in 
28-, 32-, and 40-pin DIPs (Fig 1). 
The 28-pin standard covers byte- 
wide EPROMs ranging in capacity 
from 64k to 4M bits, and to 8M bits 
when a 64-segment, 16k-byte page 
mode is used. By adding four pins to 
this 28-pin format, Intel has created 
a 32-pin standard that defines de- 
vices with as much as 8M bits of 
directly addressable EPROM code 
space on a byte-wide data bus. Fi- 
nally, the 40-pin standard specifies 
future devices that will furnish di- 
rect addressing of 8M bits of code 
space in a word-wide (16-bit) for- 
mat. (Table 1 on pg 94 lists repre- 
sentative high-density UV- 
EPROMs conforming to these 
standards. All work from a single 
5V supply.) 


JEDEC steps toward standards 


According to Reese Brown, Bur- 
rough’s (Carlsbad, CA) representa- 
tive on the JEDEC JC-42 Memory 
Committee and editor for the 
JEDEC-21A memory standards, 
the committee has already adopted 
the 40-pin-DIP standard for mega- 
bit EPROMs, but the 28- and 32-pin 
configurations are subject to final 
approval before expected adoption 
and publication this October. Also 
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These three 1M-bit 
NMOS EPROMs 
with UV windows, 
from Intel, cover the 
gamut of 
ceramic-DIP pinout 
configurations: the 
byte-wide, 
page-mode, 28-pin 
27011; the byte-wide, 
directly addressable, 
32-pin 27010; and 
the word-wide, 
directly addressable, 
40-pin 27210. 


slated for final approval is a 2-part, 
x9-bit footprint standard. One part 
of the standard defines 32-pin-DIP 
EPROMs that include a parity bit 
on, and the other part covers page- 
addressed EPROMs in 28-pin DIPs, 
with 256k- to 8M-bit capacities or- 
ganized as 16k-byte pages. A second 
set of standards has been drafted to 
cover surface-mount packages. 
Within the past year, still another 
set of JEDEC standards was 
adopted for 256k-bit max EPROMs 
housed in 28-pin DIPs. Along with 
this standard came a separate one to 


Furnishing 
TTL-compatible 
outputs, a 170-nsec 
min access time, 
and a full 16-bit 
data bus, Advanced 
Micro Devices’ 
CMOS Am27C 1024 
is a 1M-bit 
UV-EPROM that 
conforms to the 
40-pin-DIP JEDEC 
footprint. The device 
operates from a 5V 
supply and 
dissipates only 250 
mW at 5 MHz. 


cover 32-pin PLCCs for one-time- 
programmable (OTP) EPROMs. A 
standard specifying 28-pin ceramic 
DIPs for byte-wide megabit 
EPROMs had been adopted the year 
before. This standard designated 
“no-connection” for the Vpp pin (pin 
1). The new 28-pin megabit stand- 
ard changes the no-connect pin to a 
“don’t use” pin. 

Other approved and published 
JEDEC footprint standards for 
EPROMs include the following: 

e A 40-pin-DIP, word-wide con- 

figuration for 8M-bit max 
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capacities 

@ A 44-pin-LCC, word-wide 
configuration for 8M-bit max 
capacities 

@ 28-pin-DIP and 32-pin-LCC 

configurations specifying mul- 
tiplexed data/address pins for 
4M-bit max capacities. 

Not surprisingly, Don Knowlton, 
Intel’s JEDEC representative and 
the company’s EPROM product 
manager, supports all three mega- 
bit-EPROM footprint standards. In 
addition to the 64k-word 27210 
megabit EPROM, which conforms 
to the 40-pin-DIP configuration, the 
company supplies versions conform- 
ing to the 28- and 32-pin standards. 

To fit in the 28-pin-DIP footprint, 
Intel this year introduced its 
NMOS, 8x16k-byte 27011 megabit 
EPROM for byte-wide applications. 
The device has a conventional physi- 
cal and functional format that’s 
compatible with lower - density 
EPROMs. By using this part’s page- 
mode scheme, you can avoid the use 
of EPROMs with higher pin counts; 
you design your software to access 
any of the eight 16k-byte segments. 
Fujitsu Microelectronics, on the 
other hand, offers an unconvention- 
al approach to housing its 
MBM27C1028 megabit EPROM in 
the 28-pin-DIP format. By multi- 
plexing the addresses and data, you 
can couple this device with either an 
8-bit or a 16-bit wP. 


Direct addressing to 1M bit 


If you prefer to incorporate a di- 
rect-addressing scheme into your 
8-bit wP design, you can use Intel’s 
32-pin, byte-wide megabit EPROM, 
the 27010. This device’s lower 28 
pins conform to existing JEDEC 28- 
pin-DIP standards for 256k- and 
012k-bit EPROMs. 

Intel also supports JEDEC stand- 
ards for 32-pin-PLCC EPROMs 
with capacities reaching 512k bits. 
The company already supplies a 
CMOS 256k-bit EPROM in a 32-pin 
PLCC. In the megabit range, Intel 
is planning to introduce a family of 
EPROMs housed in 40-pin DIPs or 
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8M-BIT (64x 16k x8) PAGE -ADDRESSED EPROM* 

4M BITS (32x 16k x8) 
2M BITS (16x 16kx8) 
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(b) 
(SOURCE: INTEL CORP) 


Fig 1—The proposed 28-pin-DIP JEDEC footprint standard (a) for byte-wide EPROMs 
featuring page-mode addressing furnishes upward pin compatibility among devices ranging 
from 64k bits to 8M bits in capacity. Byte-wide, directly addressable (that is, nonmultiplexed) 
EPROMs conforming to the proposed 32-pin-DIP JEDEC footprint standard (b) can achieve 
capacities to 8M bits. The approved 40-pin-DIP JEDEC footprint standard (ec) for word-wide 
EPROMs allows direct addressing of as much as 8M bits. 
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(c) 


in 44-pin PLCCs. Within a year, all 
these parts will be available in sur- 
face-mount packages. The company 
has no plans to build windowed plas- 
tic devices. 

Despite the slower speeds of 
page-mode megabit EPROMs, de- 
signer acceptance of these devices 
has been very high. In fact, more 
engineers prefer this part to all 
other high-density configurations 
combined, particularly in retrofits 
for 8-bit ~P designs. To accommo- 
date page-mode addressing, design- 
ers have deliberately segmented 
their applications-firmware space 
into 16k-byte pages. The CPU gen- 
erally executes only one page of 
code at a time. 

You can, for example, confine in- 
dividual character sets, such as cali- 
bration constants, to separate 
pages; you can then “flip” pages to 
gain access to the appropriate set of 
constants. In fact, data storage, as 
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8M-BIT (512kx16) EPROM 
4M BITS (256kx16) 
2M BITS (128k x16) 
1M BIT (64k x16) 


Vpp ON EPROM=Vec IN READ MODE 


opposed to program storage, is by 
far the most popular application for 
megabit EPROMs. Alternatively, 
you can put different kinds of appli- 
cations software on each page, 
provided each software application 
is less than 16k bytes. 


Redesign or retrofit? 


Not everyone agrees. that 
8-bit-uP designs are adaptable 
to simple retrofits of megabit 
EPROMs. When memory require- 
ments get that large, a full redesign 
incorporating a 16- or 32-bit ~»P may 
be in order. Bruce Freewitt, 
EPROM engineering manager for 
Advanced Micro Devices, favors the 
use of the 40-pin-DIP standard for 
megabit EPROMs, and he recom- 
mends that you adopt a 16-bit 
(word-wide) approach, because at- 
tempting to couple an 8-bit wP with 
a megabit EPROM is an inefficient 
utilization of large-scale firmware 


space (Ref 1). Furthermore, page- 
mode EPROMs increase the amount 
and complexity of the software 
you'll need to access data. Freewitt 
believes that, unless your board 
space is very limited, it’s more expe- 
dient to bank EPROMs on the data 
bus than to rely upon a single page- 
mode EPROM. A bank of four 
1M-bit EPROMs, for instance, is 
sufficient to hold Unix System V. 

Word-wide megabit EPROMs are 
also useful for replacing disk-based 
memory. The EPROMs have more 
utility than magnetic media because 
an EPROM is not only much faster, 
it also eliminates the need for pe- 
ripheral interfacing. Other applica- 
tions for word-wide, high-density 
EPROMs include such applications 
as high-speed sampling systems, la- 
ser-beam printers, and high-perfor- 
mance designs requiring extensive 
look-up tables, such as speech syn- 
thesis, microwave signal process- 
ing, adaptive software, and artificial 
intelligence. 

Although Intel’s Knowlton agrees 
that word-wide megabit EPROMs, 
like Intel’s 27210, are best suited to 
16- or 32-bit w~P designs, he notes 
that megabit EPROMs are still 
being employed predominantly in 
8-bit controller applications, espe- 
cially when the controller contains 
an operating system or peripheral 
driver software. Firmware-inten- 
sive controller applications such as 
robotics and telecommunications are 
also common uses of megabit 
EPROMs. 

Intel makes its byte-wide mega- 
bit EPROMs primarily to handle 
retrofitted 8-bit wPs like the 8088, 
the 80188 family, and the Z80. The 
8-bit memories work at a lower 
speed and typically furnish 250-nsec 
access times. Fujitsu, Hitachi, Oki, 
and Toshiba are also supplying 
byte-wide megabit EPROMs for 
retrofit designs. 

More and more, the process tech- 
nology preferred in the fabrication 
of EPROMs is CMOS. AMD is turn- 
ing to its 1.5-~m CMOS technology 
for the construction of its word-wide 
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megabit (64kx16 bits) Am27C1024 
EPROM. The device’s maximum 
operating current of 60 mA suits it 
to low-power designs requiring 
high-component-density pe boards 
or battery operation. In the standby 
mode, the Am27C1024 further con- 
Serves power by drawing 1 mA max. 
Keep in mind, however, that de 
operating currents for megabit 
CMOS EPROMs increase by ap- 
proximately 0.6 mA/MHz at clock 
frequencies above 1 MHz (Refs 2 
and 3). 

AMD also plans to convert its 
current-generation NMOS 256k- 
and 512k-bit EPROMs to CMOS 


technology. Samples of these CMOS 
devices should appear in the last 
quarter of this year. With the excep- 
tion of Oki, all other chip manufac- 
turers are either producing or plan- 
ning to produce their high-density 
EPROMs with a CMOS process. 
Though operating currents for 
megabit NMOS EPROMs can be as 
high as 200 mA, Knowlton main- 
tains that the NMOS process is still 
the most cost-effective technology 
for today’s high-density EPROMs. 
He acknowledges the need for 
CMOS parts, but he anticipates that 
it will be at least another 18 months 
before this technology is cost effec- 


tive. Even so, his company already 
offers a CMOS 256k-bit EPROM in a 
28-pin DIP. 

In the meantime, Intel currently 
plans to retain NMOS processing for 
its megabit OTP EPROMs for the 
next six to 12 months. CMOS fabri- 
cation is still a possibility, however. 
At the end of this period, the com- 
pany will reassess the cost-effective- 
ness of CMOS on the basis of de- 
mand from engineers. 

Both Knowlton and Freewitt em- 
phasize that high speed, as well as 
low power, are essential to getting 
the best performance from your 
high-density EPROM. As parts get 


TABLE 1—REPRESENTATIVE 5V HIGH-DENSITY ,.-EPROMs 


ORGANIZA- 

MANUFACTURER CHIP TION 
AND MODEL PROCESS (BITS) 
ADVANCED MICRO 

DEVICES 

AM27C1024 CMOS 64k x16 
ATMEL 

AT27C 256-15 CMOS 32kx8 
AT27C512-15 CMOS cE 
FUJITSU 

MBM27C512 CMOS 64kx8 
wemercio2s | cMos 
wewercio2« | cMos 
MBM27C1000/1 CMOS Es 
GENERAL 

INSTRUMENT 

27C256-15 CMOS 32kx8 
27C512-12 CMOS 
HITACHI 

HN27C101 CMOS Eo 
INTEL 

270256 CMOS 32k x8 


27010 NMOS 128kx8 


Peubserseen recrrsencnerioesrea a as as Waits ane ee Ore Sas eS 


94 


ACCESS OPERATING 
TIME CURRENT 
(nSEC) | PACKAGE (mA) 


STANDBY 
CURENT 
(mA) 
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28-PIN DIP 
28-PIN DIP 
32-PIN LCC 
28-PIN DIP 
28-PIN DIP 
32-PIN DIP 
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32-PIN LCC 
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28-PIN DIP 
32-PIN LCC 


32-PIN DIP 
28-PIN DIP 
32-PIN PLCC 


32-PIN DIP 


Ve 
: 


eo 
eo PRICE | COMMENTS 


$199 |WORD-WIDE PROGRAMMING 
(100) 


$6.37 | SEPARATE CE, OE PINS FOR 
(1000) | FLEXIBLE BUS-CONTENTION 
pan pp 


$20.09 | AVAILABLE IN MIL-STD 
| ve3 | 002 VERSION 


$15 |SURFACE-MOUNT PACKAGE 
(1000) 


$175 |MULTIPLEXED BUS 
1000) 


$165 |NONMULTIPLEXED BUS 
see 


$155 |NONMULTIPLEXED BUS; 
| no | se, ROM COMPATIBILITY 


$6.64 
(1000) 


AVAILABLE IN MIL-STD 
VERSION; INTEL 27256 (DIP) 
COMPATIBILITY 


INTEL 27512 (DIP) COMPAT 
IBILITY: PAGE-MODE TYPES 
AVAILABLE 


(1000) 


soso 50 | FAST PROGRAM MODE: 
| no | oso INTEL PIN COMPATIBLE 


$8.40 | WORKS WITH QUICK-PULSE 
(10,000) | ALGORITHM 


$65 | SEPARATE CE, OE PINS; 
(1000) | QUICK-PULSE PROGRAM- 
MING TIME: 15 SEC (MIN) 
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bigger, they have to get faster. 
Most designers have already come 
to expect access times of 200 nsec or 
less, and this fact favors CMOS as 
well. Improved CMOS processes are 
already furnishing reduced access 
times in prototype EPROMs. In 
fact, 100-nsec CMOS devices should 
start making their appearance by 
the end of this year. 

As the popularity of high-capacity 
CMOS EPROMs above the 256k-bit 
level increases, you can expect the 
number of alternate-source manu- 
facturers to grow, too. For example, 
Texas Instruments, which recently 
introduced its CMOS TMS27C256 


ESE EC 


64kx16 


SEMICONDUCTOR 
MSM27256AS 


MSM27512AS 


MSM271000AS 131kx8 


TEXAS 
INSTRUMENTS 
TMS27C256 


TECHNOLOGY 
VT27C512 
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8x16kx8 


and TMS27C512 EPROMs, plans to 
have samples of a standard 1M-bit 
EPROM, fabricated with the com- 
pany’s 1.5-~m CMOS process, at the 
end of the year. Somewhat unex- 
pectedly, Motorola (Austin, TX) 
also announced its intention to pro- 
duce high-density CMOS EPROMs, 
after an initial decision in 1980 to 
refrain from making such devices. 
The company plans to have samples 
of two versions of a CMOS megabit 
EPROM early next year. 
Meanwhile, National Semicon- 
ductor and VLSI Technology Inc 
will be second sources for each oth- 
256k- and 512k-bit 


er’s CMOS 


28-PIN DIP 
32-PIN PLCC 


40-PIN DIP 
44-PIN PLCC 


150 


awa s 


28-PIN DIP 


EPROMs as part of a technology 
exchange agreement. VTI intends 
to use high-density EPROMs as 
part of its standard-cell ASIC li- 
brary. For its part, National plans 
to continue making off-the-shelf 
parts, starting with a 256k-bit 
CMOS EPROM, the NMC27C256. 
This 250-nsec, byte-wide part costs 
$9.50 (100). A faster version, the 
-256D, specs an access time of 90 
nsec; it will be introduced next year. 

National has scheduled four win- 
dowed, 512k-bit, ceramic-DIP 
EPROMs, along with OTP versions, 
for introduction in the first quarter 
of 1987. The company reports that 


RETROFITS TO 27128 
DESIGNS; PIN-COMPATIBLE 
WITH 27513; PAGING 


YES $84.50 | SEPARATE CE, OE PINS: 


(1000) | QUICK-PULSE PROGRAM- 
MING TIME: 8 SEC (MIN) 


16-MHz MAX CLOCK RATE; 
OTP PART EXPECTED IN 4th 
QTR ’86; 3.2-MINUTE PRO- 
GRAMMING TIME 


3-STATE OUTPUTS; OTP 
PART IN 4th QTR '86 


3-STATE OUTPUTS; OTP 
PART IN 4th QTR ’86 


400-mV NOISE IMMUNITY; 
OTP PART IN 2nd GTR ’87; 
3-STATE OUTPUTS. 


$15.28 |SCREENED MIL-STD PART: 
(5000) | NATIONAL SEMICONDUCTOR 
SECOND SOURCE 
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A windowed version of the byte-wide, 512k- 
bit MBM27C'512 CMOS UV-EPROM from 
Fujitsu comes in either a 28-pin ceramic DIP 
or a 32-pin LCC. Access time is 200 nsec 


typ. 


it’s now sampling the 200-nsec, 
012k-bit, byte-wide NMC27C512. 
Three other versions of this part 
should make their appearance in 
1987, including the byte-wide -512A 
with a latched-address option, the 
-016 word-wide part in a 40-pin DIP, 
and the -517 word-wide part with a 
multiplexed address/data bus. Each 


has an access time of 100 nsec. 

According to Merrill Johnson, en- 
gineering manager for National’s 
EPROM division, the company in- 
tends to continue expanding its 
high-density EPROM family into 
the megabit realm. The company 
will offer samples of its 100-nsec, 
word-wide NMC27C1024 this quar- 
ter. Samples of a multiplexed, byte- 
wide version, the -27C1025, should 
appear in the first half of 1987; the 
part specs a 100-nsec access time 
and is designed to work well with 
the 8086 P. Also expected in sam- 
ple quantities in 1987 is the 
-27C1023, a 100-nsec, byte-wide 
part that furnishes latched and un- 
latched addresses as options. 

At the 256k-bit level, NEC’s re- 
cently introduced j4PD27C256 guar- 
antees a typical access time of 150 
nsec, making it one of the fastest 
296k-bit EPROMs in the industry. 
The part’s CMOS construction of- 
fers low power consumption even at 


Fabricated with a proprietary CMOS pro- 
cess, Toshiba’s TC571000D and -1001D 
1M-bit (128k-byte) EPROMs spec 150-nsec 
min access times and come in the proposed 
JEDEC 32-pin-DIP footprint. The -1001D is 
pin compatible with existing 1M-bit, 28-pin 
masked ROMs. 


clock rates as high as 12 MHz. The 
PD27C256 is available either in a 
32-pin LCC for surface mounting or 
in a 28-pin ceramic DIP. (The com- 
pany refused to provide price infor- 
mation because of a pending De- 
partment of Commerce investi- 
gation.) 

NEC is also currently offering 


Now, implement GPIB systems 
faster. If you're putting together 
GPIB systems based on PCs, here's 
good news. Now you can intercon- 
nect any of the over 4,000 IEEE 488- 
compatible devices faster than ever 
before. With hardware controllers 
that transfer data at 450 Kbytes/ 
second, and complete development 
support from Ziatech. 


ZIATECH CONTROL: 


To get your application up and 
running in record time, we offer 
an extensive set of software tools. 
These include directly linkable device 
drivers for efficient, high-speed 
operation. Installable drivers that 
use PC-DOS to link application 
programs and devices. Plus talker/ 
listener drivers that allow the PC 
to control up to 15 devices or act 


as a device being controlled. Then to 
save programming time, we provide 
a variety of application-level utility 
routines for typical instrumentation 
tasks. And a full complement of high- 
level programming languages. 

You also have access to applica- 
tions support that’s second to 
none. With complete, up-to-date hard- 
ware/software documentation. 
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samples of three CMOS megabit 
EPROMs: the 40-pin, word-wide 
wPD27C1024, and two 32-pin, byte- 
wide devices, the »PD27C1000 and 
-1001. 


Algorithms cut program times 


At capacities above 256k bits, the 
programming and verification time 
of an EPROM becomes a significant 
consideration. Indeed, program- 
ming algorithms that took only a 
minute or two when working with 
64k-bit EPROMs can require 20 
minutes or more at megabit capaci- 
ties. 

To cut such times down to eight 
seconds or so, Intel developed the 
Quick-Pulse algorithm to take ad- 
vantage of improved HMOS II-E 
floating-gate cell characteristics, 
which allow higher programming- 
gate voltage pulses (Vpp) than were 
possible with conventional EPROM 
technology. Because small increases 
in Vpp substantially shorten the 
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charge time required to store a logic 
one at a particular memory location, 
the cumulative programming time 
for the entire EPROM is greatly 
reduced. Simply raising Vpp, for ex- 
ample, from a typical value of 12.5V 
to 12.75V not only cuts the pro- 
gramming-voltage pulse width from 
00 msec to 100 psec, but it also 
shortens interpulse waiting periods. 
By using Intel’s Quick-Pulse algo- 
rithm, you can completely program 
and verify the company’s 27210 
megabit EPROM in as little as eight 
seconds. Although most program- 
ming intervals usually take a few 
seconds longer, because of program- 
controller overhead, a programmer 
like Model 1000 from Data I/O (Red- 
mond, WA) can run Quick-Pulse at a 
speed very close to the 8-second 
threshold (Ref 4). Fast program- 
ming algorithms like Quick-Pulse 
also reduce production costs for 
high-density OTP EPROMs. 
Devices that permit such short 
programming pulse widths include 
CMOS megabit EPROMs from 
AMD, National, and Toshiba. AMD 
and National furnish interactive 
programming algorithms similar to 
Intel’s Quick-Pulse for their EP- 
ROMs. However, AMD’s version 
takes about two minutes, as Op- 
posed to eight to 15 seconds for 
Quick-Pulse. EDN 
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__ $Mhas had a whole generation of 
experience in the development, manu- 
____ facture and refinement of perfluor- 
___ inated liquids. We first introduced 
_ these versatile liquids to electronics 
design, testing and production profes- 
sionals in the fifties. Since then, 
Fluorinert Liquids have become the 
mainstays in electronic cooling, high 
-__ feliability testing and vapor 
_____ phase soldering. 
____ Fluorinert Liquids, used as a direct 
contact heat transfer medium, offer a 
range of physical properties that make 
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xceptionally high dielectric strength 
s thermal and chemical stability. 
st important, they have almost no 
mical reactivity and they evaporate 
ut leaving a residue on parts. 
ers — FC-40, FC-70, 
ure used to identify 
ds that offer certain 
aracteristics to meet spe- 
application needs. These FC 
nbers are solely 3M designations 
various fluorochemical products. 
luorinert Liquids are being used 
ost-effectively in cooling, high reliabil- 
y testing and vapor phase soldering 
ations. When you are interested in 
jing these versatile liquids in your 


Technical assistance: the main 
benefit of Fluoronics Resources 
8000 


3M offers prompt assistance to helo som 
you solve many production and testing su 


COMPARATIVE 
HEAT TRANSFER COEFFICIENTS 


Fluorinert LiqQuIdS products that power Fluoronics Resource: 


00000. RRS RS REESE SGI PS SI EE IPE 


Oduction, 3M can provide an 
__ Service to solve special problems. - 


problems. We provide comprehensive 
technical recommendations for specific 
fluids. We consult with you on the 
proper application equipment and 


help you evaluate production methods 
and results. Our service bulletins bring 


you up to date on the most recent 
advances in vapor phase soldering 
and high reliability testing. Ask us 
about 3M's audiovisual materials and 
on-site application training seminars. 


Discover Fluorinert™ Liquids’ 
heat transfer capability 


What are your needs? A precise de- 
gree of temperature control? Fast, uni- 
form heat transfer? High dielectric 
strength? Fluorinert Liquids offer the 
broad range of physical characteris- 
tics required in most applications. 

Fluorinert Liquids are an effective 
direct contact heat transfer medium 
whether used in a liquid or vapor state. 
Their unique properties enable you to 
use them in contact with sensitive 
components and substrates. 

Major differences between the var- 
ious products in the Fluorinert Liquids 
family can be seen in their boiling 
points. These can range from 56°C to 
253°C. Should you need products with 
intermediate boiling temperatures, the 
3M staff will work with you to fashion a 
product especially for your needs. It's 
an example of how 3M's Fluoronics Re- 
sources provide you with “customized” 
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~— 
Gases Liquids 


Free Convection 


Heat Transfer Mode 


Fluorinert™ Liquids achieve 
accurate high reliability testing 


Its a small world you work in. Where 
time ticks in gigaseconds and dimen- 
sion is measured in Angstrom units. 
And as circuitry becomes more com- 
plex, a greater demand is placed on 
testing Capability — not only in speed, 
but in higher reliability and accuracy. 
Fluorinert Liquids meet those re- 
quirements by providing a controlled 
temperature environment and a high 
degree of electrical protection. They 
offer maximum compatibility between 


the heat transfer medium and the de- 
vice under test. Fluorinert Liquids re- 
duce testing costs by reducing testing 
time substantially. They do this by rap- 
idly reaching test temperature and 
providing precise and uniform tem- 
perature control. You'll minimize the 
number of faulty units by detecting de- 
fects before they become rejects. 

These liquids provide cost-effective 
tests such as gross leak, thermal 
shock, liquid burn-in, ceramic crack 
detection, electrical environmental, 
temperature calibration and failure 
analysis/short detection. 

Fluorinert Liquids are specified in 
the MIL-STD’s for thermal shock and 
gross leak testing. 


THERMAL SHOCK TEST CONDITIONS 


Military Approved 
Military Standard 883-1011 Fluorinert Liquids 


Test Hot Test | Cold Test Hot Test Cold Test 
Condition | Step1 Step 2 Step 1 Step 2 
12°C —55°C | FC-40, FC-70, 
FC-5311 
150°C —65°C | FC-40, FC-70, 
FC-5311 
200°C — 65°C FC-70, 
FC-5311 
150°C — 195°C | FC-40, FC-70, 
FC-53114 
200°C — 195°C FC-70, 


FC-5311 
GROSS LEAK TEST CONDITIONS 


Military Approved Fluorinert Liquids 
eat ae 
Fluids 


Water , 
FC-40, FC-77 
FC-77 


Military 
Standards 


MIL-STD 

883-1014 Do not apply 
MIL-STD FC-43, FC-75, 
750-1071 sae 


MIL-STD 


909-112 Do not apply 


Discover higher yields in 
vapor phase soldering 


Fluorinert Liquids have been the in- 
dustry’s fluid of choice since the vapor 
ohase reflow soldering (VPS) process 
was introduced in 1975. There area 
number of good reasons for this uni- 
versal acceptance. VPS with Fluorinert 
Liquids produces highly reliable sol- 
der joints. The system reduces reject 
rates, increases production, and low- 
ers production costs. With Fluorinert 
Liquids, you can be assured that your 
products will never be exposed to a 
temperature higher than the selected 
liquid’s boiling point. (See above) 

You'll avoid those problems usually 
associated with other systems — 
shadowing, uneven heating, and over- 
heating. The liquids are non-flamma- 
ble. Their low surface tension helps 
them evaporate quickly from the work 
pieces without leaving aresidue. 

VPS with Fluorinert Liquids is espe- 
cially suited for boards with high mass 
or complex geometries. The liquid va- 
pors completely surround the assem- 
bly and penetrate remote recesses to 
heat all surfaces evenly. The vapors 
are 15 to 20 times heavier than air so 
they can be contained easily within the 
work area. The system offers an oxy- 
gen-free, non-corrosive environment to 
minimize rejects from oxidation 
contamination. 


Some typical applications using» 
Fluorinert Liquids in VPS include sur- 
face mounted leaded or leadiess — 
components, through-hole leads and 
wire-wrap pins, lead frame attach- 
ment, reflow of electroplated solder or 
tin and miscellaneous metal joining. 


need for more efficient heat 


~ Coefficient of 


25aC/487F | 1008 


Discover the unique cooling _ 
benefits of Fluorinert™ Liquids 
As the package size decreases, your _ 


sipation increases in prop 

Fluorinert Liquids are very efficient as 
a direct contact heat transfer medium, 
with the added advantage of having 


the high dielectric characteristics 


needed to meet stringent demands of 
the diversified electronics industry. We 
offer 11 liquids with boiling points tha 
range from 56°C to 253°C. : 
These stable liquids allow you to 
maximize power density and miniatur- _ 
ize your package. Yet they reduce fail- 
ure rates and increase reliability, 
Fluorinert Liquids are used in such 
demanding applications as: 
¢ Radar transmitters * Power supplies 
¢ High voltage transformers * Lasers 
¢ Radar klystrons * Computer modules 
«Computer memories * Fuel cells : 
Typical properties of Fluorinert Liqg- = 
uids used in cooling are: 


bac 
(77°F) 
om 
Thermal Conductivity 


- Btu/(hr) (ft?) (°F At) 
Specific Heat : 
Btu/(Ib.) (°F) 
Viscosity 
C.D. 


Fluorinert 
Liquid FC-77 
(English Units) 


Thermal Expansion 
fev(tt?) (CF) 


0.0008 
Discover heating/curing 
with Fluorinert™ Liquids 


temperature with absolute pr 
Fluorinert Liquids can be u 
many heating and/or ct 
ations. They serve as he 
media in solder me 


quick film appli vat 


mer processir 


Discover Fluoronics Resources 


3M presents a unique Three cassettes are available: Write on your company letterhead, 
short course in the use of 1. ‘Applied Fluoronics: High Reliability le ee general interest. Mail 
3 i ™Liqui Testing’ to: Fluoronics Resources, Industrial 

et ules a 2. Applied Fluoronics: Vapor Phase Chemical Products Division/3M, Build- 
the electronics industry. ce 3 

: Soldering INQ 223-6SE-04, 3M Center, St. Paul, 
SM Is Now offering a series of ‘Applied ~— 3. ‘Anolied Fluoronics: Direct Contact. MN 55144-1000. | 
Fluoronics’ tapes demonstrating how Cooling’ For technical information or 
Fluorinert Liquids are used in a num- These informative VHS format tapes —_ assistance on High Reliability Testing 
ber of applications. See firsthand how are available to qualified personnel in —_ and Cooling, call 612/733-6282: for 
these remarkable products can im- the electronics industry. Specify which Vapor Condensation Heating 
prove overall electronic production. cassette(s) you would like to view. assistance, call 612/733-7424. 
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The 


We Stand On Our Reputation. 


One reason Electronic Solutions became the world’s 
leading supplier of Multibus card cages is that five genera- 
tions of improvement gave our cages a reputation for 
indestructibility second only to a rock. 

So when we decided to build an Americanized version 
of the VME card cage it was only natural that we would 
want to build it the same way. Because European kit-style 
cages don't measure up when it comes to strength. 

Introducing Electronic Solutions V-800 Series VME Card 
Cages. We took a stand for ruggedness and rigidity. Right 
on top of them — to prove that a V-800 card cage could 
maintain its precise card alignment through thick and thin. 


Rigidity gives your VME cards less room to flex and that 
means less room for things to go wrong. Connectors stay 
connected. And so do printed circuits. So when your system 
is shipped, moved, or dropped from a forklift the odds 
are a lot better that it will remain functionally intact. 

But that’s not the only part of our reputation we built into 
our VME card cages. 

Our V-800 Series cages feature advanced, low-noise, 
high-performance backplanes designed for the fastest 
VMEbus signals. You can mount our new cages on any 
axis. And you can use our exclusive center adapter to 
convert any double slot to two singles or any triple size 
slot to a double and a single. 

Electronic Solutions V-800 Series VME 
card cages. Step up to the best there is. 

Call toll free or write for complete 
information today. 


& YEa» 


Hn 


am Electronic 
y Solutions 


UNIT OF ZERO CORPORATION 


9255 Chesapeake Drive, San Diego, CA 92123 (619) 292-0242 Telex II (TWX): 910-335-1169 


Call toll free: (800) 854-7086 In calit. (800) 772-7086 
CIRCLE NO 78 


PRODUCT UPDATE 


2kx9-bit FIFO memory specs high density 
and dual-port CMOS architecture 


By storing each byte at a specific memory location, the DS2001 FIFO memory eliminates 
the ripple-through delays encountered in shift-register-based FIFO memories. The IC’s 
expansion logic module lets you daisy-chain devices to expand the buffer’s depth or width. For 
example, by using two DS2001s, you can double the memory’s word width to 18 bits or double 
its depth to 4096 9-bit words. 


DOD ET OT Oe ee 


Offering twice as much storage ca- 
pacity as that of previous designs, 
the DS2001 2kx9-bit FIFO memory 
IC is dual-ported for simultaneous 
reads and writes. The IC is suitable 
for use in local-area networks, video 
buffers, and multiprocessor applica- 
tions, and it’s particularly useful as 
a rate buffer that sources and ab- 
sorbs data at different speeds. Ac- 
cordingly, you can use the DS2001 
to interface fast ~Ps with slow pe- 
ripherals. 
Unlike a conventional FIFO mem- 
ory, which uses shift registers that 
allow data to ripple through the 
device, the DS2001 has a memory- 
based architecture that stores each 
byte of data at a specific memory 
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location, where the byte remains 
until it’s overwritten. This approach 
eliminates the ripple-through de- 
lays commonly encountered in con- 
ventional FIFO memories and re- 
duces the DS2001’s access time to 
120 nsec. You can also order a 150- 
nsec version. 

The DS2001 lets you read and 
reread each byte as often as you 
wish. Twin address pointers auto- 
matically generate the addresses re- 
quired for each read and write oper- 
ation. An empty/full flag circuit 
prevents illogical operations, such 
as the overwriting of unread bytes. 
The address pointers automatically 
loop back to address 0 after reach- 
ing address 2047, so it’s possible to 


This 2kx9-bit dual-ported FIFO memory 
IC, Model DS2001, allows you to read and 
write 9-bit words simultaneously at a repeti- 
tion rate of 120 msec. Suitable for use in 
LANs, this FIFO memory can also function 
as a bidirectional interface for devices that 
communicate at different speeds. 


read and write continuously with- 
out ever emptying or filling the 
buffer. 

To expand the buffer by word 
width or depth, you can daisy-chain 
DS2001 ICs without incurring tim- 
ing penalties. Because this FIFO 
memory doesn’t produce ripple- 
through delays, you can connect the 
chip’s Read, Write, Data In, and 
Data Out lines in parallel. Expan- 
sion-in and expansion-out pins auto- 


matically enable and disable the 


read- and write-control circuits of 
the individual FIFO memories. 

The DS2001 is fabricated in 2-~m 
CMOS; its standby power level is 2.5 
mW, and its active power level is 400 
mW. Housed in a plastic DIP, the IC 
sells for $42.80 (100).—J D Mosley 

Dallas Semiconductor Corp, 4350 
Beltwood Parkway, Dallas, TX 
75244. Phone (214) 450-0400. 
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PRODUCT UPDATE 


CMOS interface IC supports 
MIL-STD-1553B bus controller 


Offering both bus-controller (BC) 
and remote-terminal (RT) modes, 
the CMOS UT1553B BCRT inter- 
face IC allows you to connect a pP to 
MIL-STD-1553B data bus systems. 
The chip’s features include a dual- 
redundant Manchester decoder and 
a programmable self-test, which 
help you ensure system integrity. 

The host ~P communicates with 
the BCRT’s 11 internal registers 
over a 16-bit data bus. The IC uses 
this same data bus to access a maxi- 
mum of 64k 16-bit words of RAM for 
command and message buffering. If 
your system’s worst-case DM A-la- 
tency time is less than 3.5 sec, you 
can design the chip into your system 
as a DMA device on your pP’s bus. 
A 3-state control output from the IC 
aids you in designing address- and 
data-bus buffers for DMA-based 
systems. 

For systems with longer DMA- 
latency periods, you can use an al- 
ternative, shared-memory design, 
which the company calls a “pseudo- 
dual-port-RAM” configuration. In 
this configuration, the wP’s bus-con- 
trol lines (read, write, and memory- 
chip select) pass through the BCRT 
during the processor’s memory ac- 
cesses. You might also select the 
pseudo-dual-port-RAM configura- 
tion if, for instance, the u»P needed 
to address more memory than the 
IC’s 64k-word limit, or if the »P’s 
data bus weren’t 16 bits wide. 

The BCRT uses a linked list of 
messages for transmitting variable- 
length messages to any 1553B bus 
subaddress. In BC mode, the device 
can transmit as many messages or 
lists of messages as will fit into its 
RAM. In RT mode, the IC uses a 
programmed index that determines 
the number of messages (to a maxi- 
mum of 128) that it can transmit 


Ss . 
= 
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controller and remote terminal functions on 
a single chip, the CMOS UT1553B BCRT 
interface IC links your pP to a single- or 
dual-redundant military serial data bus. 


without P intervention. Config- 
ured as a bus controller, the IC can 
automatically retransmit a message 
if the remote terminal returns a 
busy status, if the first transmission 
is received in error, or if no response 
to a message is received before a 
programmed timeout occurs. 

You can program the BCRT to 
retry a transmission from one to 
four times, and to use the opposite 
channel of a dual-redundant 1553B 
system when retrying a transmis- 
sion. The IC contains two serial-bus 
channel interfaces for operation on a 
dual-redundant MIL-STD-1553B 
bus implementation. Each channel 
interface has an independent Man- 
chester decoder for reception; both 
channels share a Manchester encod- 
er for data transmissions. 

When the IC is in BC mode, you 
can program it to poll selected re- 
mote-terminal addresses and to in- 
terrupt the host ~P when it receives 
a specified status word in response 
to the poll. Other interrupt condi- 
tions available in BC mode include a 
message error, specific-message ex- 
ecution, end of message list, termi- 
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* COMPONENT SENSITIVITY 

* OUTPUT WAVEFORM for any INPUT 

* IMPROVED ALGORITHMS 

* COMPATIBLE with HP DATA FILES 

* INTEGRATED with FFT and 
MEASUREMENTS with HPIB 

* 6 YEAR TRACK RECORD 

* 30 DAY TRIAL 


ALSO: FFT WAVEFORM ANALYSIS 
* 4 TIMES FASTER than HP 
* INTEGRATED into ONE FILE 


THREE INTEGRATED MODULES: 

AC-CAP 

AC Circuit Analysis with OPTIMIZATION $950.00 
S-WAVE 

FFT Waveform Analysis for Time Domain $950.00 
PLOTFT 

Time Domain Data Acquisition $950.00 
Double all prices for 9020 computer version. 
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ulev: llywood, California 91601 
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(213) 876-0059 - TELEX via W.U.I. 650 291 9207 MCI UW 


Contact Deane Jensen - Closed Fridays 


CIRCLE NO 17 


UPDATE 


nal busy, automatic-transmission- 
retry failure, and internal-self-test 
failure. Special interrupt conditions 
for the RT mode include the receipt 
of a command for a specified subad- 
dress, the receipt of a specific mode 
code, the receipt of a broadcast com- 
mand, and the transmission of a 
programmed number of messages. 
The IC maintains a chronological log 
of interrupts in RAM; by examining 
this log, the wP can obtain an inter- 
rupt history. 

A high-priority interrupt output 
indicates the occurrence of one of 
the nine interrupt conditions com- 
mon to both the BC and the RT 
operating modes. Two standard-pri- 
ority outputs, one of which is 
pulsed, indicate the occurence of a 
mode-dependent interrupt condi- 
tion. You can use the pulsed stand- 
ard-interrupt output line for edge- 
sensitive interrupt designs, which 
stack interrupts that occur on the 
same interrupt level. 

You can program the host pP to 
initiate a BCRT self-test; the pP 
initiates the test by writing to a 
special self-test register or (when 
the IC is in RT mode) by placing the 
“initiate self test” command in the 
IC’s command list. The BCRT indi- 
cates the completion status of the 
self-test in a bit of the control regis- 
ter and on a BCRT Fail pin. The 
completion of the self-test asserts a 
bit in the IC’s status register and, at 
your option, asserts the high-priori- 
ty interrupt output. 

The UT1553B BCRT is available 
in an 84-pin leadless chip carrier, a 
pin-grid array, or a leaded chip car- 
rier. It costs $895. 

—Steven H Leibson 

United Technologies Microelec- 
tronics Center, 1365 Garden of the 
Gods Rd, Colorado Springs, CO 
80907. Phone (800) 645-8862; in C O, 
(303) 594-8000. 
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you need 


The world becomes more dependent 
upon telecommunications every day. And 
to keep those critical lines open, it’s more 
important than ever that your designs 
include parts with the best combination of 
speed and power available. 

That’s why you need FACT, Fairchild 
Advanced CMOS Technology. A compre- 
hensive line of high speed, ultra-low power 
CMOS logic devices that optimize computer 

systems performance like no other ICs 
can. FACT is ideal in communications appli- 
cations such as LANs, high-speed switching 
systems, modems, and array connections. 

Consider speed, for example — one of 

the most crucial elements in communication. 


86/—75mA dynamic 
ting incident wave 
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For faster lines of communication, 
the FACTs. 


switching on 500. transmission lines, with- 
out the need for external or additional buf- 
fering. FACT features high noise immunity, 
1.25V typ., and has input protection diodes 
helping to suppress transient noise. 
FACT’s growing family interfaces easily 
with today’s current systems. Plus, you 
can get them now in SOICs, and plastic or 
ceramic DIPs. And FACT is also supported 
by other respected, worldwide semicon- 
ductor manufacturers. im 
For a free data 
book or your 
nearest sales office, 
call The Fairchild 
Customer Informa- 
tion Center, 1-800-554-4443. 
FACT. The most effective way to keep 
your lines of communication open. 


We’re taking 
the high ground. 


Schlumberger Company 
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HE WRONG ASIC VENDOR CAN 
URY THE BIGGEST IDEA. 


However big the idea, theres still no substitute for being first. So in todays market, theres no room in any 
ASIC project for broken delivery promises or missed performance goals. 

ThatS why at Thomson Components-Mostek, we handle your semicustom business in a more busi- 
nesslike manner. Because as a major manufacturer ourselves, we understand the design and production risks 
youre facing. And we're doing something about it, to take the uncertainty out of ASIC. 

For example, from final sign-off of your post-layout simulation design to first silicon, turnaround time will 
typically be 15 working days for gate arrays, or 30 working days for standard cells. So theres less Impact to your 
product schedules should you need to make a design change. 

Whats more, the real silicon we fabricate will perform just as the imaginary silicon did in simulation, 
Which means youll never be left guessing about berflormance either. 

We'te able to stand behind these promises because of our world-class mask facility HCMOS fabrication 
Of 3u,, 24 and 1.24 gate arrays and standard cells and packaging Capabilities — on a single site. And since we 
also offer MILSTD 883 processing, we can Nelp you with almost any application, 

So don't let the sands of time defeat your products chances. Come to the vendor THOMSON: 
who takes the risks out of ASIC. For more information, write Thomson Components-Mostek 
Corporation, 1310 Electronics Drive, Carrollton, Texas /9006, or call your local sales office. 


Just ask. We have the solution 
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Thomson Components- 
Mostek Corporation 


U.S. AND CANADIAN 
SALES OFFICES 


WESTERN AREA: 
Santa Clara, California 
408/970-8585 


Irvine, California 
714/250-0455 


Woodland Hills, California 
818/887-1010 


Seattle, Washington 
206/632-0245 


Longmont, Colorado 
303/449-9000 


Scottsdale, Arizona 
602/998-1580 


Tigard, Oregon 
503/620-5517 


CENTRAL AREA: 
Carrollton, Texas 
214/466-8844 


Bloomington, Minnesota 
612/831-2322 


Schaumburg, Illinois 
312/397-6550 


Austin, Texas 
512/451-4061 


EASTERN AREA: 
Burlington, Massachusetts 
617/273-3310 


Marlton, New Jersey 
609/596-9200 


Altamonte Springs, Florida 
305/869-4979 


Huntsville, Alabama 
~ 205/830-9036 


Liverpool, New York 
315/457-2160 


Poughkeepsie, New York 
914/454-8813 


Dublin, Ohio 
614/761-0676 


Greensboro, North Carolina 
919/282-4307 


Norcross, Georgia 
404/447-8386 


CANADA 

Thomson CSF Canada 
Semiconductor Division 

Montreal, Quebec 

514/288-4148 


Brampton, Ontario 
416/454-5252 


For all other countries: 

Thomson Semiconducteurs 

Velizy — France 

(1) 39.46.97.19 Telex 240 780F 
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PRODUCT UPDAIE 


l-chip 12-bit A/D converter 
contains sample/hold amp 


Offering on-chip sample/hold amplification, 


the HADC574Z and HADC674Z 12-bit succes- 


sive-approximation A/D converters are pin compatible with industry-standard 574 (25-psec) 
and 674 (15-psec) types. 


The HADC574Z/674Z 12-bit succes- 
sive-approximation A/D converters 
are pin compatible with industry- 
standard 574 (25-) and 674 (15-psec) 
types. Moreover, the two convert- 
ers are monolithic devices, and each 
contains an on-chip sample/hold am- 
plifier, a circuit function that’s not 
available on other 574/674s. 

The S/H block performs the hold- 
ing function by making use of the 
on-chip DAC’s capacitor network. 
Also integrated on the chip are the 
successive-approximation register, 
a clock oscillator, a reference, the 
input comparator, control logic, and 
3-state output buffers. The manu- 
facturer uses a bipolar-enhanced 
CMOS process called BEMOS to 
manufacture the converters. 

The BEMOS process allows the 
manufacturer to combine CMOS 


logic with fast bipolar npn transis- 
tors. A laser-trimming step adjusts 
the offsets in the DAC and the com- 
parator; it also trims linearity and 
gain errors. Full-temperature line- 
arity of 12 bits ensures that the 
converter exhibits no missing codes. 
By using the pertinent input pin, 
you can select full-scale ranges of 10 
or 20V; a bipolar-offset pin also al- 
lows you to use the A/D converter 
with bipolar input signals. The de- 
vices operate from 5V and +12V to 
+15V supplies and dissipate 150 
mW max. The HADC574Z costs 
$26.90; the HADC674Z sells for 
$36.40 (100).—Bill Travis 
Honeywell Signal Processing 
Technologies, 1150 E Cheyenne 
Mountain Blvd, Colorado Springs, 
CO 80906. Phone (303) 577-1000. 
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PRODUCT UPDATE 


Digital delay generator 
offers 5-psec resolution 


The DG535 digital delay generator 
provides four precisely timed logic 
transitions and two precisely con- 
trolled pulses whose edge delays 
can be set with 5-psec resolution. 
Unlike most generators, which are 
limited to delays of less than 1 sec, 
the DG535 can individually delay 
each of its four output transitions as 
much as 1000 sec from the reference 
output, To. 

The DG535 owes its 1000-sec 
range to a combination of ECL 
counters and LSI counters. The de- 
sign also incorporates both analog 
and digital delay lines. The analog 
delay lines eliminate the +5-psec 
indeterminacy factor found in some 
other delay generators. 

The DG535 lets you set a transi- 
tion’s delay time relative to T, or to 
one of the other three output transi- 
tions. The generator’s display in Fig 
1, for example, shows that channel 
B’s transition will occur 
1.103510101385 sec after channel 
A’s transition. 

Delay jitter referenced to either 
the external trigger or to T, is on 
the order of 50 psec rms for delays 
less than 1 msec long. The delays’ 
accuracy depends on which time- 
base you use. The standard internal 
timebase is a 25-ppm crystal oscilla- 
tor. A 1-ppm TCXO (temperature- 
compensated crystal oscillator) is 
optional. The DG535 also accepts an 
external timebase. 

Each logic transition can be a pos- 
itive- or negative-going TTL, ECL, 
or NIM transition or a transition of 
any size offset and amplitude be- 
tween —3 and +4V de with a 4V 
maximum step size. The outputs can 
drive either a 500 load or a high- 
impedance load with a slew rate of 
1V/nsece. 

You can trigger the generator 
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erator. 
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with either an internal or an exter- 


nal trigger at rates as high as 1 


MHz. The DG535 can generate ei- 
ther a single set of delays or a burst 
of delays (as many as 32767 per 


trigger). 

You can make measurement set- 
tings through either the GPIB port 
or the keyboard. You can enter the 
delay times in decimal or scientific 
notation or use the increment/decre- 
ment keys. The generator’s nonvola- 
tile RAM ean store as many as nine 
setups. 

If you need more channels, you 
can chain generators together. The 
insertion delay between a DG535’s 
input, the external trigger, and its 
output (To) is 85 msec. Adding 85 
nsec to the first generator’s outputs 
realigns the delays between the two 
units. The DG535 costs $2995, which 
is one-half to one-third the price of 
comparable generators. 

—Chris Everett 

Stanford Research Systems, 460 
California Ave, Palo Alto, CA 
94306. Phone (415) 324-3790. 
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Fig I—Time delays to 1000 sec with 3-psec 
resolution can be programmed on each of the 
four outputs of the DG535 digital delay gen- 


The broadest 
line of 
technologicall 
advanced 
products 


Makes TRW your 
logical choice for a 
dependable vendor 
partnership 


TRW can provide the technological 
leadership you need to improve 
your competitive position. And 
you can count on the TRW 
commitment to service, along 
with the financial strength and 
stability to back up your present 
and future needs. 


When you combine these factors 
with the availability of over 300 
product lines, TRW is truly your 
logical choice for a long-term 
vendor partnership. 


To learn more about how your 
organization can benefit from an 
association with TRW, contact 
any of our more than 50 TRW 
sales offices. 


TRW Capacitors 

TRW Connectors 

TRW Cylindrical Connectors 
TRW Electronic Assemblies 
TRW Fiber Optic Products 
TRW Local Area Networks 
TRW LSI Products 

TRW Microwave Components 
TRW Motors, Fans & Blowers 
TRW Optoelectronics 

TRW Power Semiconductors 
TRW Resistive Products 

TRW PF Devices 


rey 


TRW Electronic 
Components Group 


CIRCLE NO 19 


TRW has extended its broad line of resist- 
ive products and materials expertise into 
surface mount technology providing 


Chip Carrier « Thin Film Custom Network 
Precision Network ¢ Thick Film Flat Chips 


© TRW Inc. 1986. R.86.4 


volume production of any style to meet 
your functional circuit needs. 


Featured are TRW’s RG Metal Glaze™ 
Power Chip resistors with a 70% size re- 
duction over leaded versions and smaller 
“footprints” than flat chips or MELF ver- 
sions of the same wattage. If close tolerance 
and very low TCR aren’t enough, consider 
the enhanced reliability of TRW’s no-end- 
cap design up to 2 watts. 

TRW offered the first precision wirewound 
surface mount device, to 3 watts, for cur- 


rent sensing, surge and pulse applications. 
You expect this from a market leader! 


Add in TRW flat chips, chip carriers, thick 
and thin film precision networks. Top it off 
with TRW TaNFilm™ flat pack networks 
offering superior temperature performance 
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with special mechanical configurations, and 
you have the broadest SMT offering in the 
resistive products industry. TRW/RPD 
means SMT. 


For more information, contact your local 
TRW distributor. Or TRW Resistive 
Products Division, TRW Electronic Com- 
ponents Group, Greenway Road, P.O. Box 
1860, Boone, NC 28607. 704.264.8861. 


aitwy 


Resistive Products Division 
TRW Electronic Components Group 
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AVAILABLE NOW. GOING FAST. 


The fastest family of CMOS 4Kx4 static RAMs ever available. Now available from 
Thomson Components-Mostek Corporation. 

SINCe we used the same basic design to create the entire MK41H68 family, Our six 
new fast SRAMs share certain features. Like access times of 20ns. And Industry-standard 
20- or 22-pin JEDEC Packaging. But thats where the similarities end. Because each of the six 
devices offers different features — Chip Enable power down, fast 10ns Chip select access or 
Output enable control — you can choose the best solution for your application. 

Our fast static RAM family includes the first 5-volt 4Kx4s designed to operate at 
20ns. The MK41L68 Series is also the Industry first LSI circuit specifically designed for the 


29ns or 35ns. Either way, they're the fastest 4Kx4 CMOS RAMs available anywhere. 


Best of all, our new 4Kx4s are available right now. In quantity. From any of our 112 
distributor locations nationwide. And it doesn’t end there. In the future, we'll be Introducing an 
even wider range of fast static devices, with MIL-883 Rey C followed by 
JAN qualified versions. 

But don't wait too long to find out more. Because with speeds 
like these, they're going fast. For more Information, call 214/466-6265 or 
contact your nearest local sales office. 


Just ask. VWe have the solution 


Thomson Components-Mostek, 1310 Electronics Drive, Carrollton, Texas 75006 
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Thomson Components- 
Mostek Corporation 


U.S. AND CANADIAN 
SALES OFFICES 


WESTERN AREA: 
Santa Clara, California 
408/970-8585 


Irvine, California 
714/250-0455 


Woodland Hills, California 
818/887-1010 


Seattle, Washington 
206/632-0245 


Longmont, Colorado 
303/449-9000 


Scottsdale, Arizona 
602/998-1580 


Tigard, Oregon 
503/620-5517 


CENTRAL AREA: 
Carrollton, Texas 
214/466-8844 


Bloomington, Minnesota 
612/831-2322 


Schaumburg, Illinois 
312/397-6550 


Austin, Texas 
512/451-4061 


EASTERN AREA: 
Burlington, Massachusetts 
617/273-3310 


Marlton, New Jersey 
609/596-9200 


Altamonte Springs, Florida 
305/869-4979 


Huntsville, Alabama 
205/830-9036 


Liverpool, New York 
315/457-2160 


Poughkeepsie, New York 
914/454-8813 


Dublin, Ohio 
614/761-0676 


Greensboro, North Carolina 
919/282-4307 


Norcross, Georgia 
404/447-8386 


CANADA 

Thomson CSF Canada 
Semiconductor Division 

Montreal, Quebec 

514/288-4148 


Brampton, Ontario 
416/454-5252 


For all other countries: 

Thomson Semiconducteurs 

Velizy — France 

(1) 39.46.97.19 Telex 240 780F 
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PRODUCT UPDATE 


High-speed biFET amplifier 
specs low offset, fast slew 


The AD711 JFET-input/bipolar- 
output operational amplifier uses 
wafer-level laser trimming to 
achieve its low offset voltage and 
offset drift. The op amp offers high- 
er speed than do other available 
biFET devices. The device achieves 
this speed leadership without sacri- 
ficing de precision—its input, gain, 
and common-mode parameters 
equal or beat those of other biF ET 
monolithic op amps. 

The AD711KN’s 0.5-mV input off- 
set voltage and 10-~V/°C offset 
drift equal those of the pin-compati- 
ble LF411ACN. The _ premium- 
grade AD711CQ halves both those 
input specs. Bias current for the 
AD711 devices is much lower than 
that of the LF411 units: the 
AD711KN_ specs 50 pA; _ the 
LF411ACN, 200 pA. The premium 
AD711CQ unit specs 25 pA bias 
current. In speed parameters, the 
AD711 units beat the LF411 ampli- 
fiers hands down: The AD711 offers 
an 18V/psec slew rate and a 1-ysec 
typ settling time to a 0.01% error 
band; the LF411 specs 10V/psec 
and 2 sec for those parameters. 

As compared with Burr-Brown’s 
OPA606, the AD711 has a faster 


settling time (1 vs 2.1 wsec to 
+0.01%), half the offset (0.25 vs 0.5 
mV), and twice the gain (200k vs 
100k). The AD711 also settles more 
quickly than does Linear Technolo- 
gys LT1056 amplifier (1 vs 
1.8-ysec), and it has a faster slew 
rate (16 vs 12V/ysec) and draws half 
the bias current (25 vs 50 pA) than 
does the LT1056. Finally, the 
AD711 also beats the 1.6-ysec set- 
tling time, 0.5-mV offset, 200-pA 
bias current, and 50k open-loop gain 
of Motorola’s MC34081. 

Model AD712, a dual version of 
the AD711, is also available. The 
only spec compromise the dual am- 
plifiers impose is in offset voltage. 
For the three available grades in the 
AD712 family, the maximum offset 
voltages are 8, 1, and 0.5 mV (the 
AD711 parts offer 2, 0.5, and 0.25 
mV, respectively). In order of in- 
creasing grade, prices for the 
AD711 are $0.80, $1.90, and $4.90 
(100). For the AD712 dual-op-amp 
family, the prices are $1.25, $3.75, 
and $7.75 (100).—Bill Travis 

Analog Devices Inc, Route 1 In- 
dustrial Park, Norwood, MA 02062. 
Phone (617) 329-4700. 

Circle No 730 


121 


PRODUCT UPDATE 


Drive includes ESDI or embedded SCSI, 
packs 760M bytes into a 514-in. size 


i a 


Winchester capacities reach 760M bytes in the EXT-8000 family of 5¥%-in. drives. You can 


choose ESDI or embedded SCSI as the interface for the drives, which offer 18-msec average 


access times. 


Ee TG re ee 


The EXT-8000 family of 5%4-in. Win- 
chester disk drives includes models 
that store 760M bytes, which is 
twice the capacity of other 5%-in. 
Winchester drives. Despite the in- 
crease in storage capacity, the 
drives feature an 18-msec average 
access time. You can choose from 
ESDI (Enhanced Small Device In- 
terface), or embedded SCSI (Small 
Computer System Interface) 
models. 

The EXT-8760 760M-byte drive 
stores data on 15 surfaces of its 
eight platters; the sixteenth platter 
is reserved for housekeeping. Each 
disk surface contains 1632 tracks at 
a density of 1376 tpi; the recording 
density is 31,429 bpi. Together, the 
track and recording densities give 
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the drive a total density of 43.25M 
bits/in*. Offering similar bit densi- 
ties on fewer platters, the the EXT- 
8380 stores 380M bytes and has an 
average access time of 16 msec. 
Thin-film metallic media give the 
EXT-8000 drives their high density; 
the actuator and servo-system de- 
signs are responsible for the drives’ 
high performance specs. The EXT- 
8000 uses a lower-mass actuator 
than did the company’s earlier 
drives. A 16-bit wP resident on the 
drive-interface board controls the 
servo system. The pP and the con- 
trolling firmware optimize head ac- 
celeration and deceleration during 
seek operations. In addition to mini- 
mizing access time, the wP control 
reduces operational noise. The 


servo system also allows the drives 
to support hard- or soft-sector data 
formats. 

EXT-8000 ESDI models support a 
15M-bit/sec data-transfer rate. At 
present, the ESDI spec defines 
maximum transfers of 10M bits/sec, 
but the spec may soon be modified 
for faster operation. Several compa- 
nies already offer faster controller 
boards that would support the EXT- 
8000 drive. 

Besides the device-level ESDI 
drive, the manufacturer also offers 
the SCSI I/O bus model, which em- 
beds the I/O bus directly in the 
drive. The SCSI model supports the 
specified 1.5M-byte/see asynchro- 
nous transfer rate; it will also be 
compatible with the expected host- 
supported 4M-byte/sec synchronous 
SCSI transfer rate. 

The EXT-8000 family is suitable 
for use in file-server, CAE/CAD, 
and medical-imaging applications. 
The drive’s 760M-byte capacity and 
5’4-in. form factor may even spur 
new applications, such as desktop 
publishing and scanning devices 
that require both capacity and com- 
pactness. 

The EXT-8000 ESDI models cost 
between $4 and $5 per megabyte 
(1000). For embedded SCSI drives, 
expect to add about $150 to $200 to 
the cost. The company plans to sam- 
ple the drives this year; production 
quantities will be available in the 
first quarter of 1987. 

—Maury Wright 

Maxtor Corp, 150 River Oaks 
Parkway, San Jose, CA 95184. 
Phone (408) 942-1700. 
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VLSI was developing silicon 
compilers for commercial appli- 
cations back when ASIC was 
just a glimmer in your CRT. Our 
compiler family has already 
been proven in hundreds of 
designs. 

We were the first to offer a 
whole lineup of industry- 
standard cells, megacells, and 
gate arrays. 
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And we pioneered high- 
integration ASIC. 
Our library is filled 


with best sellers. 


Looking for a way © 
to shrink the size and 
costs of your existing 
8086 and 8088 systems’ 

Our megacell library is filled 
with your old favorites: 68C45s, 
82C50s, 82C88s, 82C54s, 


82C37As, you name it. 
We have the only mega- 
cells designed expressly 
as ASIC building blocks 
So now, for the first 
time, you can build your 
wn ASIC microprocessor 
support system on one chip. 
We let you integrate com- 
pilers, megacells, and standard 
cells to create systems that can 


rival custom designs in density. 
EDN October 2, 1986 


And since all our libraries are 
defined in the same 2 4 CMOS 
process, you not only get high 
performance, you can combine 
your choice of the elements in 
our library in one design. 

Or if youre a 2901 fan, you 
can design your microprocessor 


system from the ground up by 
compiling it from 4-bits wide to 
32-bits wide and combining it 


EDN October 2, 1986 


with RAM, ROM, PLA, and 
multiplier. 

If you want the right ASIC 
solution, come to the only place 
that has them all: programmable 
logic, gate arrays, standard cells, 
megacells, silicon compilation, 
tools, and fab. 

You can check out our library 
at the VLSI Design Center 


nearest yOu. 
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Or call VLSI at 800-262-4488. 
Dept. 702. Or write to us at 
1109 McKay Drive, San Jose, CA 
95131 and ask for our brochure. 

It's one book you wont be 
able to put down. 


9 \/ LSI TECHNOLOGY, INC. 
NOT JUST YOUR BASIC ASIC. 


READERS’ CHOICE 


Of all the new products covered in EDN’s July 24, 1986, issue, the ones reprinted here generated the most reader 
requests for additional information. If you missed them the first time, find out what makes them special: Just 
circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in our 
July 24, 1986, issue. 
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DISK DRIVES P 

The 6085E, 6128E, Peace 

and 6170E full- dudes oS 
hei ght, 5\%4-in. oe = : | ae 19.97 fhdbbiballbual al - 


ESDI Winchester 
disk drives have re- 
spective capacities 

of 85.38M, 128M, 

and 170.6M bytes 
(unformatted) (pg 52). 
Miniscribe. 
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SPREADSHEET A 


DADISP II provides post-acquisition data 
analysis in a spreadsheet format; it runs 
on IBM PCs and compatibles (pg 54). 
DSP Systems. 
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TRANSDUCERS 


Completely integrated on one chip, 
MPX3100 Series pressure transducers 
provide temperature-compensated, cali- 
brated, and signal-conditioned high-level 
linear outputs (pg 199). 

Motorola Semiconductor Products. 
Circle No 607 


A/D CONVERTER A 


The DASH-16F an- 
alog interface card 
operates with IBM 
PCs and compati- 
bles and provides 
12-bit accuracy at 
conversion rates of Boer : 
more than 100,000 is nes 
samples/sec (pg 82). 
MetraByte Corp. 
Circle No 603 


<PROGRAMMER 


The Model 824 uni- 
versal EEPROM, 
EPROM, and sin- 
gle-chip wP pro- 
grammer has a 
64k-byte memory 
and an optional 
256k-byte memory 
(pg 140). 

Digilec Inc. 
Circle No 604 


< STATIC RAM 


The HM 65231 2kx8 CMOS dual-port 
static RAM features on-chip arbitration 
logic (pg 176). 

Matra-Harris Semiconducteurs. 
Circle No 605 

Harris Corp. 

Circle No 606 
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The game is over. 


OMNI. The only universal 


A totally new concept in PROM 
Programming. OAE has drawn upon 12 
years of research and manufacturing 
experience to develop the ultimate in 
software configured programmers. By 
combining up to 64 programmable pin 
drivers with a new database of over 
1400 parts, the software configured 
OMNI can program hundreds of 
EPROMs, EEPROMs, EAROMs, 
bipolar and CMOS PROMs, PLDs, 


microprocessors and ASICs 
(Application Specific ICs). /n fact, the 
OMNI's unique pin drivers can program 
and test all known programmable 
semiconductors, from bipolar diode 
arrays to ECL PLDs. in addition, an 
optional parametric editor can be used 
to screen every device programmed to 
your company’s own specifications. 


© 100% Software Configured. 


e Unlimited Free Library Updates 
available for 2 years. 


e Plug compatible with over 350 
different computers and operating 
systems. 


e Over 20,000 devices may be added to 
the OMNI’s new nonvolatile library. 


e Fast high voltage, high current pin 
drivers can supply +1.5A continuous, 
and +4.5A to +10A peak at each pin. 

e 100% laser trimmed references — 
no calibration is ever required. 


° Over 4,000 steps of voltage and 
current resolution plus sub- 
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programmer. 


nanosecond timing resolution to 
program everything from CMOS to 
high power bipolar and ECL devices. 

° The OMNI 64 supports ALL package 
types, including SOs, LCCs, PLCCs, 
PGAs, DIPs, etc. 

e Full one year parts and labor and two 
year software warranty period. 

° The OMNI is small, portable, and easy 
to use. 


OMNI Series starts at just $2995.00 


NOW THAT THE HARDWARE GAME 
IS OVER... IT’S YOUR MOVE! 


Call 1-800-828-0080 (1-800-423-8874 
in CA) for a free demonstration today. 


QAE 


Oliver Advanced Engineering, Inc. 
320 West Arden Street 

Glendale, CA 91203 

(818) 240-0080 

TWX (510) 600-8099 
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Percentage of respondents 


“é 
i 
2 Eo 
% > o 2 2 % 3. 
% “¢ . - . Ea % %, 

ITEM oe. QR. KA. we 
TRANSFORMERS 
Toroidal 10 20. 35 30 5 QO $3 10.0 
Pot-Core GO 28 3 28 5 0 96 9.4 
Laminate (power) 20 25 40 10 5 O 66 8.3 
CONNECTORS 
Military panel 0 10 $8 20 9 10: 431 10.6 
Flat/Cable 22 37 = 638 8 0 0 46 56 
Multipin circular 0 7 6 20 6 O 10.4 10.8 
PC 20 30.3% 15 0 0 68 7.9 
RF/Coaxial 8 46 3: 15 0 0. $39 7.2 
Socket 21 33° 33)—Ci«'18 0 O83 7.8 
Terminal blocks 17 44 35 24 0 0 44 4.9 
Edge card 14 19 | 62 10 5 0 73 6.3 
Subminiature 13 37  =638 6 6 O 64 8.4 
Rack & panel 8 34 33 25 0 0-73 8.2 
Power 1 53 92 7 6 O 60 7.1 
PRINTED CIRCUIT BOARDS 
Single-sided 0 53. 47 0 0 0 48 5.0 
Double-sided 6) 36 64 0 0 O 656 5.7 
Multilayer 0 19 G7 24 0 0 88 89 
Prototype 3 81 76 0 8) O 29 3.6 
RESISTORS 
Carbon film 39 33 = ZO 0 0 36 38 
Carbon composition 38 21.31 #10 0 QO 46 7.1 
Metal film 21 49 24 6 0 0 33 59 
Metal oxide 20 45 26 10 @ 0 46 66 
Wirewound 16 28 40 16 0 0 63 6.1 
Potentiometers 14 27 43 =~-16 0 0 66 7.9 
Networks 18 25 B 21 0 4 76 7.5 
FUSES 

33 37. ge 8 0 0 gf 3.6 


SWITCHES 

Pushbutton 14 43 3g 11 0 0 8 5.1 
Rotary 4 31 82 13 0 O 69 7.2 
Rocker 17 28° 44) i 0 0 89 7.3 
Thumbwheel 7 14° §7 22 0 0° 83 11.3 
Snap action 24 35-29 12 0 O 49 7.4 
Momentary 11 50 33 6 0 0 46 6.9 
Dual in-line 15 39 3) 15 0 O G7 8.0 
WIRE AND CABLE 

Coaxial 39 35 = 26 0 ) O 28 3.9 
Flat ribbon 39 29 2 0 4 0 38 4.5 
Multiconductor 32 41 23 0 4 0 34 5.1 
Hookup 53 30 7 0 0 O 19 2.5 
Wire wrap 40 35° 20 5 0 0 317 3.9 
Power cords 18 46 36 0 0 0 38 4.2 
Other 30 10 360 30 0 0 74 8.3 
POWER SUPPLIES 


Switching 0 31 35 30 2 0) 
Linear 33.38 19 5 0 


CIRCUIT BREAKERS 
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“a 2° 6. 2 
o" © .°° Ff 
y ~~ % 2 %&% %% 
% % & & OY SY 
ITEM a f S iD Ge 4% 
RELAYS : 
General purpose 2 206 fF 11 


PC board 


8.2 10.5 


Dry reed 10 40 26 20 a OO 

Mercury 0 30 4 20 @ 10 467 135 
Solid state “ fee: ££ oe OB 
DISCRETE SEMICONDUCTORS 

Diode 15 53° » 5.4 


Zener 
Thyristor 
Small signal transistor et eo 
FET, MOS 5 30 4 20 


1 43 


Power, bipolar 5 43 33 
INTEGRATED CIRCUITS, DIGITAL 
CMOS 1.2 2sC(«3S3 ge S25 3 O 275 75 


TTL a 824 4 17 4 0 
26. 3B 21 3 0 


INTEGRATED CIRCUITS, LINEAR 
Communication/circuit 15 20 — 15 > 0 


OP amplifier 17 20 2 30 3 3 
Voltage regulator 19022 eSB 


MEMORY CIRCUITS 
RAM 16K See 


6 

RAM 64K 4 
RAM 256K ) 36° 5 
ROM/PROM 5. 2 0 
3 

5 


EEPROM 
DISPLAYS 


Panel meters 
Fluorescent 
Incandescent 
LED 

Liquid crystal 


MICROPROCESSOR ICs 


8-bit s 43 29 14 


FUNCTION PACKAGES 

Amplifier 12 
Converter, analog to digital 3 
Converter, digital to analog 


LINE FILTERS 


44 19 


CAPACITORS 

Ceramic 20.034. BO C20 6G C0 5.5 6.0 
Ceramic monolithic me fe Be EF 
Ceramic disc or 24 (i 10 4 0 Ba 74 

Lae QO. 0 46 

Electrolytic 1 31 @ 9 @ O 8 71 
Tantalum 18 24 49 3 0 67 7.8 
INDUCTORS 


Source: Electronics Purchasing magazine's Survey of buyers 
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POWER CHECK COUNT RATIO PERIOD FREG REMOTE— <n 
A to O a 400MHz ~- 1.6GH: Mn | 

The use of advanced microcompu- a STaY A 
ter and ‘“counter-on-a-chip” tech- MEASURING TIME 

niques makes the performance of our 1s 
PM6670 series of frequency and 
timer/counters something you can 
really count on. Common features in- 
clude: error-free triggering; high re- 
solution (7 digits/s or more); optional 
IEEE-488 bus, BCD and analog output 
interfaces as well as battery power 
pack for “test lab’ performance” in 

field service applications. 

= High resolution _timer/counters, 
PM 6670/71/72, also feature: Averag- 
ing, RPM, burst and phase measure- 
ments directly in degrees; l0ps time 


40) rs 
PUGH TO READ 


Count AATIO PERIOD FREG 


interval averaging; range 0.1Hz to ‘- \\ | POWER CHECK RESET DISPL 
120 MHz (PM 6672 to 1GHz). Waa yt - a ii 
= Reciprocal universal frequency : s\\ | | ¥ . “ ae 


counters, PM 6673-76, offer: High sta- 
bility oscillators (5x10'0/24h); RFI 
shielding to VDE 0871 (B) and MIL 
STD 461; wide frequency range l0Hz 
to 1.5GHz (PM6676). 


A MEASURING TIME 


86s 
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= Product credibility in technology, 
technique, quality and service is as- 
sured because the PM6670 series is 
backed by the corporate resources of 
one of the world’s largest electronics 
companies. 


Test the difference and you'll also 
agree that Philips wins on price and 
performance! 


Write to: Philips I&E, T&M Department 
Building HKF/55.5600 MD Eindhoven. 
The Netherlands: 040-78 2808 
Germany : (0561) 501496 
Great Britain: 0223-35 88 66 
France: 01-830 ll ll 
Belgium: 02-525 lll 
Switzerland: 01-488 22 11 


PHitips|) vest & 
Measurement 
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~ HOWAMP adds depth to 


Technologies expand —and pay off—when they get in-depth support. 

Many popular AMP connectors and sockets are already available in surface-mount styles. 
With more being developed every day. The depth? In the design, and in the usual for us—the 
technological backing to make a product both practical and affordable. 

For instance, many of our surface-mount products are designed for flexible automation. Robotic 
systems offer fast production changeover via programming control. And we offer what you need 
to make it work: feeder and positioning , 
equipment, and a variety of compatible 
packages, from tape and single tubes to 
stacking, multi-track trays. : 

All our SMT products are in tested ca us ee 
materials, naturally—plastics and oe i Z sera 
platings developed to withstand the a g Ps baste al 
process conditions of surface mounting. aia m board-to-board and 
Because the technology is developing, anil 7 pitti rg. all 


AMP is a trademark of AMP Incorporated. 


a surfacing 


some areas of product specification are still flexible. For example, solder 
leg design and specific platings are finalized in conjunction with the 
paste thickness you use, or time in reflow. 

In fact, our “confidential early involvement” programs are a key 
measure of the support we offer. And especially important when the 
technology is itself new. 

Chances are AMP can contribute a great deal. Dedicated staff and 
facilities for development of surface-mount products mean we're already 
‘nvolved in most industries where they're now being used, or considered. 

Write AMP Incorporated, Harrisburg, PA 17105-3608 and ask for our 


Surface Mount Products Guide and Robotic Application Tooling brochure. 


Or call (717) 780-4400 and ask for the SMT Information desk. 


SMT products, = 

- advanced packaging, and feeder 
and positioning systems provide 
in-depth support for robotics-based 
flexible automation systems. 


AAIMEPF interconnecting ideas 
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i YOUR 
DISTRIBUTOR'S 
SALES TEAM THINKS 
HIGH-LEVEL 
LANGUAGE IS THE 
WAY PEOPLE TALK 
ON AIRPLANES, 
YOUR DISTRIBUTOR 

ISN'T WYLE. 


When you want technical a whole lot of blue sky. 
help from your distributor Let’s face it, there are two 
chances are all you'll get is kinds of distributors. 


Sacramento, CA, (916) 638-5282. Santa Clara, CA, (408 ) 727-2500. Los Angeles, CA, (213 ) 322-8100. San Fernando Valley, CA, (818 ) 880-9000. 
San Diego, CA, (619) 565-9171. Irvine, CA, (714) 863-1611. Seattle, WA, (206) 453-8300. Denver, CO, (303 ) 457-9953. Colorado Springs, CO, 
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Those who provide clear certified branch, you get the 
information and those who answers you need. Not from 
promise to send brochures. a far-away head office, but 

Those able to help the locally. 


design engineer solve his You also get Wyle’s ASIC 
technical problems, and Design Centers, and PAL and 
those not. PROM Programming Centers. 
Wyle is the former. And the new System 
As one of the larg- Enhancement Center 
est distributorsin , where Wyle can help 
- the West, Wyle goes } you select and inte- 
to great lengthsto orate systems for your 
provide a high level © F specific needs. 
of technical support. © And with Wyles in- 
Especially when it " plant terminals, you can 
~ comes to selling Intel. avoid costly production 
Wyle has become one of —slow-downs by getting 
the few Intel distributors immediate access to Wyle’s 
by committing significant $60 million inventory. 
resources to Intel’s Technical They also live up to their 
Distributor Training Pro- promises, guaranteeing 
oram. Their Advanced delivery of the latest in 
Technical Specialists have components and systems. 


had 80 hours of training by So call the Intel Advanced 
Intel. Which means they can Specialist at the nearest Wyle 
provide you with technical Technical Distributor-certified 


support for leading-edge location listed below. 
technology products. All the And talk to someone who 
way from Intel's most ad- can give you down-to-earth 


vanced VLSI components to answers to technical questions. 


complete systems. WYLE IS AN 


And since there is at least 
one technical specialist loca- 
ted at every Wyle technically INTEL EXPERT. 


(303) 574-9953. Phoenix, AZ, (602) 866-2888. Salt Lake City, UT, (801) 974-9953. Portland, OR, (503 ) 640-6000, 


©1986 Intel Corporation. 


CIRCLE NO 142 
EDN October 2, 1986 133 


S 


on | 


A class in the design of pe board: 
of educational opportunitic 
lo: 


for SMDs is just one of many type 
available to help you make the conversion 


surface-mount technology. (Photo courtesy AWD 


Lack of component availability and few 
design standards, coupled with a shortage 
of practical manufacturing knowledge, 
have slowed acceptance of surface-mount 
technology. You can avoid the pitfalls and 
reap the performance and economic benefits 
of this technology by taking advantage of 
the help now available. _ ) 


Steven H Leibson, Regional Editor 


Although surface-mount technology can trace its roots 
back 20 years to hybrid circuits built on ceramic sub- 
strates, today only a relatively small number of compa- 
nies are using surface-mount components in their man- 
ufacturing, thanks to the formidable start-up problems 
associated with any newly adopted technology. SMT is 
a pervasive technology, requiring you to use new 
component package styles, circuit-board design rules, 
manufacturing processes, and test techniques. When all 
of your rules suddenly change, the potential for prob- 
lems is quite large: Jumping into an SMT design 
without extensive, company-wide preparation is an 
open invitation for disaster. - 
You no longer have to be a pioneer to adopt SMT and 
realize its benefits, however. Many people and compa- 
nies are now offering to share their hard-won experi- 
~ ence with you in the form of courses, exhibitions, books, 
- newsletters, and consulting; thus, your transition to 
SMT need not be traumatic. 


You should consider switching to SMT to achieve one 
or more of these benefits: manufacturing economy, an 
overall reduction in the size and weight of product 
packages, and improvements in circuit performance. 
You can realize manufacturing economies in many ways 
through SMT. For example, automatic placement of 
surface-mount devices (SMDs) onto a pe board is a 
faster, more accurate technique than either hand as- 
_ sembly or automated assembly of through-hole designs, 
and it can result in assemblies with higher reliability. 
In multiple-board systems, you may require fewer 
boards using SMT, resulting in less interconnect ca- 
bling, which further decreases costs and improves 
system reliability. These advantages translate directly 
into lower assembly, test, repair, and warranty costs. 
In addition, most SMDs are smaller than their through- 
hole counterparts and arrive in compact containers, 
such as tape-and-reel format. SMD containers require 
less space in your stockroom and on the manufacturing 
floor, incurring less overhead cost. 

The manufacturing-cost improvements afforded by 
SMT aren’t just important for those companies that 
produce in high volumes; they are important for any 
company that desires to remain competitive. Though 
your products may currently enjoy a healthy market 
share, that position could be jeopardized by a competi- 
tor’s introduction of a design that is more reliable, is 
more cost effective tu produce, or is more readily 
availabile because of the speed with which SMT can 
produce high volumes. A report from Electronic Trend 


Automatic SMD placement on pc boards is 
a faster and more accurate process than is 
through-hole assembly. (Photo courtesy 
Micro Industries) 
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Mixed-technology SMAs allow you to take advantag 
components when equivalent surface-mount parts aren 
Packard’s Manufacturing Test Division) 


Publications on SMT estimates that 30% of all electronic 
equipment manufactured in Japan during 1985 used 
SMT and projects 50% usage in that country by 1990. In 
contrast, about 15% of US electronic products in 1985 
incorporated SMT with only a 30% usage projected by 
1990 (Ref 1). 

Even if you don’t manufacture in large volume, the 
smaller SMDs still bring benefits in two ways: You can 
build smaller, lighter products by reducing the size and 
weight of your pe boards while maintaining functional- 
ity, or you can increase your products’ capabilities 

ithout requiring additional pc-board real estate. A 
smaller bare pc board is also less expensive to make, 
further contributing to the cost reduction of your 
product. 

You can achieve even greater size reductions or 
additional functionality by mounting SMDs on both 
sides of your pe board, though you may have heat- 
dissipation problems with double-sided designs, and 
you'll certainly complicate the manufacturing process. 
You will also find that the smaller lead frames in SMD 
ICs and the shorter traces on surface-mount assemblies 
(SMAs) exhibit better parasitic characteristics and less 
resistive loss. Many of your circuit designs will run 
faster, with wider timing margins and less noise. 
Smaller boards and shorter trace lengths can reduce 
EMI emissions and signal cross coupling compared to 
equivalent through-hole designs. 

You won’t be able to make intelligent decisions re- 
garding SMT conversion without first assimilating the 


e of SMDs and to use through-hole 
’t available. (Photo courtesy Hewlett- 
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many surface-mount design and manufacturing con- 
cepts. You need information on SMDs; on pe-board 
design rules for SMT; on surface-mount manufacturing 
automation; on solder pastes, processes, and equip- 
ment; on cleaning processes; and on testing equipment. 
Some component manufacturers offer free handbooks 
that will familiarize you with SMT concepts and termi- 
nology. The 25-page Surface Mount Technology Hand- 
book from Molex provides an overview of SMT, with an 
emphasis on connectors. How to Use Surface Mount 
Technology from Texas Instruments contains broader 
coverage of SMT, addressing the many types of SMDs 
and SMT processes. It also covers inspection, testing, 
repair, quality and reliability, manufacturing yield, and 
thermal management of SMAs. 

National Semiconductor’s A Basic Guide to Surface 
Mounting of Electronic Components contains 10 short 
sections covering the various aspects of SMT. Especial- 
ly useful is the 9-page directory in Appendix III, which 
lists vendors of surface-mount equipment, supplies, 
services, and passive components. You can use these 
free handbooks to start familiarizing yourself with 
SMT, but they alone will not enable you to design an 
SMA or set up a manufacturing line. 


Organizations sponsor SMT conferences 


One way you can gain a better appreciation of the 
scope of this technology is to immerse yourself in a 
conference or course for a few days. Several organiza- 
tions and companies offer multiple-day events that 
allow you to absorb large amounts of information in a 
short period of time. An SMT show provides you with 
tutorials, technical papers, updates on SMT standards, 
exhibits, and access to the people who have SMT 
experience. 

The Electronic Industries Association (EIA) and the 
Institute for Intereconnecting and Packaging Electronic 
Circuits (IPC) jointly sponsor an annual, 4-day confer- 
ence on Surface Mounting and Reflow Technology 
(Smart). The next conference, Smart III, will be at the 
Hyatt Regency in New Orleans, January 12 to 15, 1987. 
The first day of the Smart III conference (Monday) 
features tutorials on SMT, and you can choose from 
technical sessions, workshops, and exhibits during the 
remaining days of the conference. Participation costs 
$350 for EIA and IPC members and $450 for nonmem- 
bers until January 2, when the respective fees will be 
$400 and $500. 

IPC is circulating a proposed standard (IPC-SM-782), 
titled Surface Mount Land Patterns (C onfigurations 
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You no longer have to be a pioneer to adopt 
SMT and realize its benefits. 
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This CDX-50000 pe-board CAD system from Cadnetix Corp ( Boul- 
der, CO) supports complex SMA designs by allowing you to overlay 
components on both the front (green pads) and back ( white pads) of 
the board. 


and Design Rules), to its membership. The proposed 
standard contains a wealth of information, covering 
SMD and pe-board fabrication, board assembly, and 
SMT terminology, in addition to board design rules. 
You can obtain a free copy of the proposed standard by 
contacting IPC. The organization will start charging a 
fee for the document when it becomes an IPC standard. 


Courses on standards, specs, processes 


The International Society for Hybrid Microelectron- 
ics’ (ISHM) Interconnect and Surface Mount Technolo- 
gy division is offering two SMT short courses at the 
ISHM Symposium, to be held in Atlanta at the Georgia 
World Conference Center on October 6 to 8, 1986. The 
two courses are “Surface mount technology standards 
and specifications” and “Surface mount device and 
process reliability.” Registration for the symposium 
costs $195 for ISHM members ($225 for nonmembers), 
and each short course costs $100. An annual member- 
ship in ISHM costs $30. ISHM also publishes a $60, 
296-page reference book, Surface Mount Technology, 
which covers SMDs, solder and solder processes, SMT 
assembly, cleaning, inspection, and testing. 

Expo SMT is an annual show for the SMT industry 
produced by IPAC Ine and endorsed by the Surface 
Mount Technology Association (SMTA). IPAC supplies 
management and administrative services to SMTA. 
This year’s 4-day event is now occurring in Las Vegas 
(September 29 through October 2) and includes 16 
courses that cover many aspects of SMDs, board de- 
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sign, and SMT manufacturing. In addition, more than 
175 exhibitors are showing the latest in SMT products 
and are demonstrating prototype, medium-volume, and 
high-volume SMT assembly lines that build operational 
boards on the show floor. Annual SMTA memberships 
range from $50 for individuals to $350 for international 
(non-US) members. The SMTA also publishes a supplier 
referral directory listing 840 companies that supply 
SMT components, equipment, materials, or services. 
Copies of the directory cost $100 for SMTA members, 
$250 for nonmembers. 

You may be interested in a course that covers a range 


SMDs with finer lead pitches accommodate higher-pin-count de- 
vices. Shown are two Hitachi SMDs: an 80-lead quad package with 
31-mil lead pitch (top), which requires about the same board area as a 
60-lead device with a 40-mil lead pitch (bottom). (Photo courtesy 
Hewlett-Packard’s Manufacturing Test Division) 
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of SMT topics. One of the first companies to offer SMT 
classes, North American Philips’s SMD Technology 
Center, has recently streamlined its offering into a 
2-day, $650 class. Taught on the first Tuesday and 
Wednesday of each month, the class includes presenta- 
tions on SMDs, SMT packaging, manufacturing proc- 
esses, automatic placement, inspection, testing, and 
repair. Attendees then design an SMA using a supplied 
schematic and parts list, and Philips instructors cri- 
tique the designs at the end of the class. Attendees also 
visit Philips’s on-site SMT manufacturing facility. Phil- 
ips’s Eleoma Division offers a similar course in the 
Netherlands. 

You can also take SMT classes in Europe from R 
Strauss, FIM, a consultant specializing in soldering 
technology and SMT. Mr Strauss presents 2-day semi- 
nars in Germany, Austria, Switzerland, and France. 
The course includes information about SMDs and de- 
sign rules and concentrates on SMT manufacturing 
issues, including placement, soldering, cleaning, in- 
spection, reworking, and repair. Courses are taught in 
German and cost DM 1000, which includes a course 
manual, brochures from various SMT equipment manu- 
facturers, hotel accommodations, and meals. 


Design workshop and short course 


Other companies offering SMT courses in the US are 
AWI, Interconnect Technology Inc (ITI), Anatrek, and 
SMT Plus. AWI holds 2-day workshops at its Sunnyvale 
facility. You can choose a workshop dedicated to SMT 
design or manufacturing. The quarterly workshops cost 
$750 per person. Four times each year, AWI teaches a 
$500, 2-day short course on design and manufacturing 
topics at various locations around the country. The 
workshops and short course include a copy of AWI’s 
Surface Mount Design Manual, which AWI does not 
sell separately. AWI will also teach customized classes 
at your facility. A 2-day class for 20 people, tailored to 
your requirements, costs approximately $10,000. 

AW1’s classes are based on experience gained from its 
contract design services. The design workshop starts 
with an overview of SMT’s advantages and drawbacks. 
It then discusses parts-list conversion, land patterns for 
board manufacturability, design for testability, and 
CAD systems for SMT design. The design workshop 
includes a hands-on, board-rework project in AWI’s 
factory. The manufacturing workshop has similar intro- 
ductory material but concentrates on the mechanics of 
board assembly: solder-paste screen printing, compo- 
nent-placement equipment, soldering, cleaning, test- 
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You can manually assemble SMAs with the proper equipment, such 
as this SMD workstation from Cheko Systems, which includes a 
bench, a microscope, and manual-assembly tools. 


ing, inspection, reworking, and repair. Attendees of the 
maufacturing workshop also try their hands at rework- 
ing an SMA. 

AWI’s short course is intended for companies not 
ready to start converting to SMT immediately. It 
includes overviews of SMT design, manufacture, and 
testing; a look at the capital equipment required for 
SMT manufacture; an analysis of a design candidate for 
SMT conversion; and a guide to setting up an SMT 
facility. The short course does not include a hands-on 
project. 


Train your entire company 

ITI is also a contract manufacturing firm that teaches 
courses, but to companies rather than individuals. An 
ITI class takes place at your facility, making it easy for 
many of your company’s people to attend. ITI courses 
cost $1000 plus expenses for class sizes to 20 people. 
Though ITI will teach a general design course similar to 
AWI’s, the three courses it prefers to conduct are a 
class that ITI customizes to your project, telling you 
how to design a specific board; an executive-level course 
designed to familiarize your management staff with 
SMT concepts; and a course teaching you how to submit 
your design to a contract house for manufacture. 

This last course focuses on the documentation re- 
quired to have your product built correctly. As an 
example of the attention to detail you must give to SMT 
manufacturing documentation, Dana Korf, ITI’s Appli- 
cation Engineering Manager, points out that the speci- 
fication difference in an SMD packaged on tape-and- 
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Manufacturing cost improvements from 
SMT are especially evident for high-volume 
products but are also important for any 
company that desires to remain competitive. 


reel, packaged in a stick (tube), or bulk-packed (that is, 
in a plastic bag) may be a single-digit suffix in a long 
part number. Many through-hole devices don’t have a 
packaging specification embedded in their part num- 
bers, so component buyers may not look for this subtle 
difference. And though there may be only a minor 
difference in the part number, an improper specifica- 
tion or incorrectly purchased SMD will have a large 
effect on manufacturing cost and cycle time when the 
part arrives incorrectly packaged for the contract 
house’s automatic-placement equipment. 

ITI supplies its in-house publication, Surface Mount 
Design and Manufacturing Guidelines, to class attend- 
ees. The ITI guide includes the information the compa- 
ny feels is necessary to enable you to design and build 
SMAs, covering SMT terminology; components; envi- 
ronmental specifications for various operating environ- 
ments; manufacturing documentation; pe-board design, 
layout, and fabrication; assembly; test; reworking; re- 
pair; and inspection. 


Get all departments involved 


Another company that strongly believes in the value 
of on-site courses is Anatrek, which offers 1-, 3-, and 
5-day courses for 30 people. The company believes that 
successful conversion to SMT requires a team approach 
with input from all departments to execute the change- 
over. This team approach underscores the pervasive- 
ness of SMT throughout the design and manufacturing 
stages. Anatrek also stresses that successful conversion 
requires a clear commitment from top management and 
clear communication by management of the goals for 
the conversion program. 

Anatrek’s 1-day, $3000 “Preface to SMT” course is an 
overview of SMT designed to introduce you to surface- 
mounting concepts. The 3-day, $5000 “Prelude to SMT” 
class spends one day each on an SMT overview, board 
design, and SMT manufacturing, and it prepares you to 
develop specifications for your first SMA prototype. A 
5-day, $7000 “Prepare for SMT” class starts with the 
full “Prelude to SMT” course and includes two 1-day 
return visits to critique the prototype paper design 
before assembly and to evaluate the first protoype 
assembly. Class attendees receive Anatrek’s book 
Focus on SMT Design, which recommends pad geome- 
tries and layout rules for SMT board design, addresses 
thermal considerations, and gives appendices contain- 
ing component outlines and covering design for testabil- 
ity. You can purchase the book without attending 
Anatrek’s classes for $49.95. 
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Converting your design and production 
facilities to SMT 1s a 2-step process: famil- 
warization, then implementation. 


SMT Plus is a contract-design company that teaches a 
course called “Surface Mount Technology.” This course 
discusses both SMA design and manufacturing issues, 
but the emphasis is on design. The 2-day class, taught 
monthly, costs $950 per person. Starting with an SMT 
overview, the course focuses on SMD package styles, 
guidelines for land-pattern generation, and design con- 
siderations for assembly and test. The class finishes 
with a hands-on design project that’s critiqued by the 
instructor. Course attendees receive a copy of SMT 
Plus’s SMT Design Training Manual, which contains 
the board design guidelines covered in the course. 

SMT Plus developed the design guidelines presented 
in the manual through its board-design contract work. 
The company guarantees that its pe-board designs are 
manufacturable and believes that the land patterns and 
design rules it has developed maximize a board’s manu- 
facturability no matter what manufacturing process 
you use. You can purchase the SMT Plus design manual 
without attending the class for $350. 

If you would like a self-study course, IPAC offers two 


PARTS CONVERSION — 
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Fig 1—The critical steps in creating an SMA include parts conversion, pc-board design, assembly, 


SMT courses on audio cassette: “Surface Mount Design 
I” and “Manufacturing Process Control.” “Surface 
Mount Design I” is an introductory design course that 
includes sections on SMT manufacturing methods and 
their effect on design rules, component standards, 
footprint patterns, component package configurations, 
testing considerations, and repair considerations. 
“Manufacturing Process Control” covers design, stand- 
ards, equipment, personnel considerations, material 
selection, soldering, cleaning, and testing from a manu- 
facturing perspective. The courses cost $250 each and 
consist of four tape cassettes and a workbook. 

Two SMT newsletters keep an eye on the SMT 
industry. Micro Process Technology publishes Surface 
Mount Technology Today (SMTT), which looks at com- 
ponents, manufacturing processes, and other SMT top- 
ics. Many of the articles in SMTT deal with specific 
problems such as “28 Ways to Tombstone Capacitors” in 
the March 1986 issue. (“Tombstoning” is the tendency 
for molten solder’s surface tension to lift one end of 
small passive components off the board during reflow.) 


_ ASSEMBLY 


FINISHED BOARDS 


and testing. 
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Other articles analyze existing SMAs and show you 
what real and potential design problems look like. The 
monthly SMTT costs $395 per year. 

InnoTech Consultants’ monthly newsletter 
SMTrends reports on the products, companies, and 
issues involving SMT. As the name implies, it covers 
industry trends as well. An annual subscription to 
SMTrends costs $240. 


Visit an SMT lab for hands-on experience 


You may wish to acquire some practical experience in 
building SMAs before attempting a surface-mount con- 
version in your own plant. Both Texas Instruments and 
National Semiconductor maintain SMT laboratories, 
which are open to customers at no cost, as a means of 
promoting the companies’ respective SMDs. TI’s SMT 
Center is in Houston. You can either assemble a TI test 
board using components supplied by the company or 
build a board of your own design with your own parts. 
The SMT Center’s equipment includes two solder 
screen printers, two pick-and-place machines, vapor- 
phase- and IR-reflow soldering machines, inspection 
equipment, and electronic test instruments. 

You can also visit TI’s single-in-line memory module 
(SIMM) production line, which is adjacent to the SMT 
Center. In addition, Dr Charles L Hutchins, technolo- 
gy manager at TI’s SMT Center, has recently published 
a book titled Surface Mounting Technology—How to 
Get Started, which is a compilation of the SMT informa- 
tion he uses for training. The 145-page book costs $96 
and is available from D Brown Associates Inc. You can 
arrange a visit to TI’s SMT Center by contacting your 
local Texas Instruments field sales engineer or distribu- 
tor. 

National Semiconductor’s surface-mount laboratory, 
in Santa Clara, has been in operation for about two 
years. The lab has a variety of screen printers; two 
pick-and-place machines; IR-reflow, vapor-phase-re- 
flow, hot-thermode, and dual-wave soldering machines; 
board-cleaning equipment; and board-repair and -test 
facilities. You can call National’s surface-mount market- 
ing department at (408) 737-5000 to schedule a visit. 


Starting the conversion process 

Once you have gathered enough information to be 
comfortable with SMT, you are ready to tackle your 
first design. Fig 1 shows the typical sequence of steps 
in an SMT project. You must first decide what SMDs 
you will need to build your SMA and whether these 
devices are available. This parts-conversion step sup- 
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TABLE 1—TYPES OF SMT ASSEMBLIES 


COMPONENT TYPE, 
PRIMARY SIDE 


THROUGH-HOLE 
SURFACE-MOUNT 
THROUGH-HOLE 
SURFACE-MOUNT 
THROUGH-HOLE AND 
SURFACE-MOUNT 
THROUGH-HOLE AND 
SURFACE-MOUNT 


COMPONENT TYPE, 
SECONDARY SIDE 


NONE 
NONE 
SURFACE-MOUNT 
SURFACE-MOUNT 
NONE 


SURFACE-MOUNT 


*TYPE NUMBERS ARE ITI DEFINITIONS 


plies the SMD-package information you must have to 
design a board. Once you have a schematic in hand, an 
excellent aid for generating a parts list of SMDs is a 
directory of surface-mount components. D Brown Asso- 
ciates’ 1300-page Surface Mounting Directory 1986 
($496, or $586 with a supplement published in Septem- 
ber) lists more than 30,000 active and passive SMDs, 
sorted in three sections by vendor, description, and 
generic part number. The directory also lists more 
than 100 contract-service houses as well as SMT equip- 
ment by company and product type. 

AWI publishes a directory called the 1986 Surface 
Mount Component Library, which contains listings for 
more than 16,000 active SMDs. The AWI library also 
lists more than 120 vendors of passive SMDs and more 
than 65 manufacturers of SMT manufacturing equip- 
ment. If you attend one of AWI’s workshops, you can 
purchase the 1986 Surface Mount Component Library 
for $200, or $350 if you want the library but don’t attend 
a class. 

New semiconductor SMDs are now becoming avail- 
able so rapidly that annual directories have trouble 
keeping up to date. The semiconductor vendors recog- 
nize this problem, and many publish guides that keep 
track of part availability. Motorola (Phoenix, AZ) and 
National Semiconductor both offer SMD brochures that 
list parts. The brochures are available through the 
companies’ local sales offices. Signetics (Sunnyvale, 
CA) publishes a quarterly guide that’s available 
through its sales offices. Texas Instruments’ field sales 
engineers have access to an on-line directory of TI’s 
SMDs, and the company can furnish you with availabili- 
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Two companies maintain SMT laboratories 
that are available to customers at no cost. 


ty printouts. However, the status of ICs available as 
SMDs changes weekly, so you may have to call the 
vendors’ sales offices to find out the actual availability 
status. 


Parts availability may limit choices 


Though the number of SMDs available is steadily 
increasing (Fig 2), some components are not yet avail- 
able in surface-mount packages. In particular, power 
semiconductors and high-pin-count LSI devices are still 
not common. Surface-mount packages with more than 
84 pins, the domain of the pin-grid-array (PGA) pack- 
age, are rare among SMDs employing a 50-mil lead 
pitch. You can find surface-mount sockets for these LSI 
components, however. Samtec (New Albany, IN) offers 
a line of surface-mount sockets for PGAs, and Burndy 
(Norwalk, CT) builds surface-mount sockets for DIPs. 
Components with lead pitches of 20 to 40 mils are 
starting to appear for high-pin-count SMDs, but they’re 
not yet common. 

Based on the parts list you create, you will have to 
decide what type of manufacturing processes you will 
need to build the board. Table 1 lists the six types of 
assembly categories as defined in ITI’s design guide- 
lines. Category 1 is the traditional pc-board assembly 
with only through-hole components. Categories 3, 5, 
and 6 are mixed-technology assemblies, including both 
through-hole and surface-mount components. Mixed- 
technology assemblies require extra manufacturing 
steps that increase production costs, but you may have 
no choice if some of the components your design re- 
quires are only available in through-hole packages. 
Your alternatives are to use surface-mount sockets for 
the through-hole components (if available), use a mixed- 
technology manufacturing process, surface mount the 
through-hole device, or design alternative circuitry that 
uses SMD components. 

Board size and cost limitations, available manufactur- 
ing processes, and component densities determine the 
best assembly type for your design. To help you choose 
what type of SMA to design, SMT Plus offers an 
estimating program, which runs on an IBM PC. This 
menu-driven design-analysis software accepts informa- 
tion on the number and types of SMDs and through- 
hole components your design requires and estimates 
the pe-board area, number of layers required, and 
board density for 2- through 8-layer boards, with com- 
ponents on either one or two sides. The $350 program 
requires 384k bytes of memory and a wide-carriage 
printer. 
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MISCELLANEOUS 


DISCRETE DEVICES 


BIPOLAR ICs 


NUMBER OF AVAILABLE PART TYPES 
(SOURCE: D BROWN ASSOCIATES INC) 


Fig 2—Although companies introduce new SMDs weekly and you 
can choose from many more part numbers now than you could two 
years ago, you should be prepared to find that some components— 
especially power devices and high-pin-count LSI ICs—are unavaila- 
ble in surface-mount packages. 


When you have determined the number and types of 
packages on your board, whether it will have compo- 
nents on one or both sides, and the board’s size and 
shape, you are ready to start the design. Component 
land patterns and board layout are critical in SMT 
board design (Ref 2). The SMT board designer is 
chiefly responsible for the manufacturability and testa- 
bility of a board. Land size determines the amount of 
solder screened onto each pad, which controls the 
volume of solder available to the joint during reflow. If 
the land is too small, there may not be enough solder to’ 
make a good solder joint; if the land is too large, you 
may have shorting problems caused by solder bridging. 
Similarly, component orientation is important to the 
manufacture of an SMT board. Some components will 
shift if one component end reaches a soldering ma- 
chine’s solder-reflow zone before the other end does. 
Moreover, certain orientations of tall components may 
create a shadowing problem in IR-reflow processes. 


You can design SMAs without CAD tools 


Though the small component geometries lead many 
designers to prefer CAD systems for SMA design, you 
can still find tools to help you if you decide to design 
your board manually. Nugrafix Group specializes in 
manual design aids for SMA pe-board designs. The 
company offers a line of footprint patterns printed on 
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TransZorb Surface-Mount 


...10 The Rescue!!! 


The industry's first low-profile surface-mount silicon tran- 
sient voltage suppressors are winging your way from 
General Semiconductor. 

Anywhere transients are a threat and space or production 
time are problems, these new TransZorb suppressors stand 
ready to help. They’ll give your ICs, MOS devices, and other 
voltage sensitive devices the complete transient protection 
they need and take up very little board space while doing it. 

They’re faster than a speeding transient. They’re able to 
tame the quickest voltage pulses caused by induced light- 
ning, electrostatic discharge, inductive switching, and 
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Surface-Mount 
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Transient Suppressor Squadron 
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nuclear EMP And fortunately, they can easily be put in 
their place by most standard pick and place machines. 

Two models are available: the SMB series can dissipate 
600 watts during a millisecond pulse, while the SMC series 
can handle 1500. Both are offered with voltage ratings from 
5V to 220V and can be supplied with wide “J” bend or 
gull-wing leads. 

Next time you’re threatened by transients, need to auto- 
mate, or have a lack of board space, give Squadron Leader 
Mamoon Rashid a call. He’ll brief you on our mission and 
may even send a squadron your way for evaluation. 


TransZorb® is a registered trademark of General Semiconductor Industries, Inc. 
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The parts-conversion step supplies the 
SMD.-package information you must have 
to design a board. 


8.5X11-in., adhesive-backed polyester sheets for small- 
outline ICs (SOICs), small-outline transistors (SOTs), 
PLCCs, and discrete passive components in both 2x 
and 4x sizes. Footprint sheets cost $7.50 each. You can 
also purchase component-layout templates for SMDs 
from Nugrafix. Two 4x templates are available: the 
TSO-x4 is for SOICs, SOTs, and passive components, 
while the TCC-x4 has patterns for PLCCs with 35-, 
40-, and 50-mil pin pitches, SOICs, quad packs, and 
through-hole DIPs. Each template costs $8.50. 

Nugrafix offers two publications to help you with 
either manual or computer-aided SMT board design. 
The 164-page Standards Manual for Surface Mount 
Technology includes package drawings for active and 
passive components, listed by manufacturer, and it 
provides recommended pad-pattern footprints for each. 
The book also includes directories of SMD manufactur- 
ers and distributors. Design Guidelines for Surface 
Mount Technology is a reference guide for SMA design- 
ers covering components, assembly methods, foot- 
prints, and artwork preparation. Both Nugrafix books 
cost $300 ($250 for prepaid orders). 


Not all CAD systems support SMT design 


If you plan to design your board using a CAD system, 
you must make sure the system supports SMT design. 
Specifically, you need a CAD package that accepts 
single-layer pads and components, trace widths and 
spaces between traces of 8 mils or smaller, and drawn 
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YPES AND CAUSES OF PROCESS-RELATED SMA FAILURES 


_ SOLDER SPLASHES _ 


ADHESIVE FLOAT _ 


(SOURCE: HEWLETT-PACKARD’S MANUFACTURING TEST DIVISION) - 


(as opposed to flashed) pads for the more irregularly 
shaped pads required by some SMDs, such as the 
SOT-89 transistor. If you are designing a board with 
components on both sides, you will need to make sure 
that your CAD system allows you to place surface- 


mount components directly opposite each other on the - 


two sides of the board. According to SMT Plus, a 
typical 6-layer SMA with components mounted on both 
sides of the board requires 16 layers ina CAD system to 
represent all the trace, pad, and drafting layers neces- 
sary for a complete documentation package. You should 
therefore make sure that your CAD system can accom- 
modate a reasonably large number of layers. 

Once the design and fabrication of your pe board is 
complete, you are ready to assemble it or have it 
assembled by a contract firm. Acquiring an SMT as- 
sembly capability can be the most capital-intensive 
phase of your SMT conversion, and you may well choose 
to subcontract your first boards to an assembly house 
that has automated SMT-manufacturing equipment. If 
you decide on this approach, you should have already 
talked to the company that will do the assembly. You 
will want to make your board design as compatible with 
the company’s processes as possible. Relevant consider- 
ations include the solder process used (IR or vapor- 
phase reflow, wave, laser, etc), placement machine 
capabilities and limitations, and board-size limitations. 
You should also ask whether the company can handle 
dual-sided components and perform mixed-technology 
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Be prepared to find that some components 
are not yet available in surface-mount 
packages. 


assembly, if your design requires them. 

The Surface Mounting Directory 1986 lists 28 SMT 
assembly houses, and a recent issue of SMTrends lists 
70 (Ref 3). In an article entitled “Selecting a contract 
assembly house,” SMTT explains why you might do well 
to first turn to a contract assembler, even if you 
eventually plan to build SMAs in house (Ref 4). Con- 
tract assembly can help you start your production more 
quickly than would establishing your own SMT manu- 
facturing line. By using the contract firm’s assembly 
line as a pilot plant, you will have an excellent model for 
designing and building your own manufacturing line. If 
one of the machines at the assembler’s facility can’t 
build your product with an acceptable yleld, you will 
know not to purchase that machine for your facility. 
Finally, when your SMT manufacturing line is operat- 
ing, the contract assembler’s equipment is still avail- 
able as an alternative if your line experiences a cata- 
strophic failure, or if you need added manufacturing 
capacity. 

The SMTT article offers several suggestions for se- 
lecting a contract assembler. You should make a thor- 
ough background check of the company, asking existing 
customers for opinions, and you should tour the assem- 
bler’s facilities. Make sure the assembler has adequate 
financial resources. You probably can’t afford to have 
the contract firm become financially troubled while you 
are in volume production. The article also suggests that 
you look at both the assembler’s production equipment 
and other SMT boards the company has produced. 
Carefully looking at rejected assemblies will give you 
an idea of the types of manufacturing problems the 
assembler is experiencing. You should also be looking 
for a contract house that’s building SMAs similar in 
size, production volume, and component usage to your 
board. 

If you plan to set up an automated SMT manufactur- 
ing line, you will need to know the various pieces of 
equipment that constitute such a line. Bare pe boards 
are first screened with solder paste. Then one place- 
ment machine (or more) sets the SMDs onto the pre- 
pared boards, a process often called “onsertion.” The 
inherent stickiness of the solder paste holds most 
components on a pe board until the assembly enters the 
reflow-solder machine. Adhesive is only needed for 
large SMDs and for assemblies with components 
mounted on both sides of the board. A bake cycle drives 
the volatile chemicals out of the solder paste in prepara- 
tion for the soldering. Without the bake cycle, the 
volatile chemicals would tend to outgas explosively in 
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Fig 3—The type-B test fixture for SMAs has a swing-away top plate 
unth probes for testing points on the SMA’s top side. (Photo courtesy 
Hewlett-Packard’s Manufacturing Test Division) 


the reflow cycle and possibly blow the components off 
the board. Once the soldering operation is complete, a 
thorough cleaning removes flux and solder balls. 

You need quite a bit of information about manufactur- 
ing processes, equipment, and equipment vendors to 
create an SMT assembly line. You can spend from 
$50,000 to more than $1,000,000 on equipment and 
installation. A few of the typical decisions you must 
make to design and use an SMT manufacturing facility 
include whether to use a solder screen or stencil; what 
type of solder paste will work best for your boards; 
what number, types, and size of placement machines 
you should get; what type of SMD packaging the 
placement machines should handle; whether to use an 
IR- or vapor-phase-reflow solder process; and what 
type of cleaning system you need, if any. 


Consulting firms can help 


With such a large number of decisions to make, you 
may wish to investigate consulting firms that design 
SMT manufacturing lines. Engineered Circuit Re- 
search assembles SMAs under contract and offers SMT 
facilities-development and engineering help. Several 
companies offer turnkey-facility services; they take 
your manufacturing requirements, design and build an 
assembly line in your facility, and then train your 
people to use it. ASMD and Micro Industries are 
contract-assembly firms that also offer turnkey produc- 
tion-line consulting services. Anatrek works with SMT 
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The SMT board designer is chiefly respon- 
sible for the manufacturability and testa- 
bility of a board. 


equipment vendors to supply manufacturing lines with 
a guarantee of productivity on a contract basis. 

Advanced Engineering Services, a company that 
specializes in investigating ways to improve reliability 
and quality of components and assemblies, will define, 
plan, and build a complete SMT facility to your require- 
ments, or it will work with you on portions of an SMT 
assembly line. President Sol Shatz emphasizes that 
reliability issues must be addressed from the beginning 
of an SMT project. Typically, he adds, most companies 
don’t consider the potential reliability problems of SMT 
manufacturing early enough in a project to avoid them. 

Michael Brisky is an SMT-manufacturing consultant 
who will select equipment, build an assembly line, and 
train your personnel to use it. His service includes 
setting up a spare-parts inventory for your manufactur- 
ing equipment, and scheduling preventative mainte- 
nance to help avoid breakdowns. Brisky states that, 
with his help, your facility can be operating at 60% 
efficiency within six weeks of receiving all necessary 
equipment and operating at 90% efficiency after one 
year. He further states that, without the help of a 
manufacturing consultant, you may need 24 months to 
render an SMT facility operational. Brisky will also 
help you establish workmanship standards to use for 
inspection of completed SMAs to help you meet your 
quality and reliability goals. 

For prototyping and low-volume production, you can 
assemble SMAs by hand. Cheko Systems advocates 
manual assembly of SMAs for small- and medium-sized 
companies wanting to try out SMT without spending a 
lot of money. The consulting firm conducts a d-day, 
hands-on soldering workshop covering the fundamen- 
tals of manual SMT assembly. Topics covered in the 
$395 course include SMD package fundamentals, sol- 
dering failures and their causes, inspection techniques, 
hand placement and soldering of SMDs, and tools for 
manual SMD assembly. One advantage of having manu- 
al SMT assembly skills is that you will need these same 
skills for reworking and repairing SMAs. If you later 
increase your investment in SMT by adding automated 
equipment, the manual tools and skills are still needed 
for these tasks. 

Cheko Systems also offers a $2500 SMD workstation 
with the tools you will need for manual SMT assembly. 
The workstation is based on a heavy, rigid workbench 
that provides a stable platform, which is required by 
the delicate SMT assembly operations. Also included 
are an illuminated, wide-field, 7x to 30x Nikon micro- 
scope (with stereo and zoom) and stand; a digital- 
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Fig 4—You can place a type-D test fixture in your automated SMA 
manufacturing line to make board testing part of the assembly 
process. An HP 3065 (background) is linked via a number of ribbon 
cables to a type-D test fixture ( foreground) designed by Hewlett- 
Packard and Matsushita. 


readout Weller soldering iron; a vacuum-pickup wand 
with assorted tips; an electrically powered, foot-oper- 
ated glue dispenser; and assorted small tools and con- 
tainers. Not included are soldering-iron tips for specific 
SMD packages or consumable items such as solder and 
flux. 

Another worthwhile tool, designed for manual as- 
sembly, repair, and reworking of SMAs, is ASMD’s 
BT-101 brush-tip soldering iron. The BT-101 resembles 
a conventional, variable-temperature soldering iron, 
but the tips are a set of interchangeable blades that 
heat a row of leads simultaneously rather than one lead 
at a time. The BT-101 costs $740 and includes a set of 10 
blades ranging in length from 0.375 to 4 in. 

Whether it incorporates SMDs or not, you must test 
any assembled board for proper operation. The auto- 
mated assembly of surface-mount boards does not guar- 
antee 100% yield. Electrically, you test SMAs the same 
way you test through-hole boards, using the same test 
equipment. The big difference is in probing the board. 
Hewlett-Packard’s Manufacturing Test Division (MTD) 
manufactures a line of board testers and has produced a 
book based on its experiences, entitled Testing Surface 
Mount Technology (free copies are available from the 
electronic instrument department at your local HP 
sales office). After analyzing several SMAs, MTD com- 
piled a list of common process-related failures and their 
causes (Table 2). One conclusion MTD has drawn from 
its experience is that the electronics industry’s general 
lack of familiarity with manufacturing SMAs increases 
the need for in-circuit testing (as opposed to functional 
testing). 

To perform a complete functional test on a board, you 
must be able to probe all the circuit nodes. MTD has 
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Mount Resistor 
14, or 16 leads. 


Series 763 .350” x .350” 
Leadless 
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You can still find tools to help you if you 
decide to design your board manually. 


classified the various probe fixtures available for test- 
ing SMAs into four types, A through D (Table 3). The 
type-A fixture is common, used for years to test boards 
with through-hole components. All probing is from the 
back of the board while a vacuum draws the board down 
onto the probes. You can design an SMA to be testable 
on a type-A fixture by locating test vias on the board 
and testing from the back. You can also locate test pads 
on the board’s component side and test the board 
component side down. The type-B fixture is a modified 
type-A fixture with an added, Swing-away top plate 
containing probes for testing nodes on the SMA’s top 
side (Fig 3). 

Some manufacturers have developed stand-alone test 
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fixtures that surround the board and use mechanically 
actuated probe plates to test both sides of an SMA. This 
type-C fixture costs considerably more than the types 
A and B because of the mechanical actuation, the 
stand-alone fixture housing, and the additional wiring 
required to reach the tester. However, only the probe 
plates change for each new board. Probe plates are less 
expensive to tool than entire test fixtures, so the type-C 
fixture can be cost effective if you need to test a large 
number of SMAs with components on both sides. 

The fixture’s construction prevents it from being 
mounted on the board tester. You must use relatively 
long cables to connect the fixture’s probes to the tester, 
and long cables can degrade fast signals. Add an 
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The Right Way From Cherry Semiconaucior 


Cherry Semiconductor's new 

CS-3842A and CS-3843A current mode 

control ICs deliver enhanced off-line switch- 

ing power supply performance. Incorporating 

a new precision temperature-controlled Oscil- 
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current mode circuits reduce external component 

count, and system cost, to a minimum. 
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SPEED WITH HALF 
THE POWER OF ECL! 


Honeywell's HE8000 Honeywell 
features 8000 bipolar gates, Digital Product Center 


225ps OR/NOR gate delays, 1150 E. Cheyenne Mtn. Blvd. - 


and 6W power dissipation. Colorado Springs, CO 80906 


Allin one high-performance 800-328-5111 (ext. 3414) 


IC. Contact us today for 
complete information. 


Together, we can find the answers. 


Honeywell 
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NEW IDEAS FROM TRACK 


Low cost PCB Interconnect 
Verifier is 10 times faster 


Ze 


Unique, cost effective, reusable DIP packages with an 
array of 7 to 48 LEDs plug into prototype wire wrap 
boards and pre-production PCBs for fast, accurate 
verification of interconnects. Easy to use. Substantially 
reduce expensive labor costs. Immediate shipment 
from stock. 

Call or write for literature. 
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30 Daniel Webster Highway 
Merrimack, New Hampshire 03054 (603) 882-7743 
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automated board handler to the type-C fixture and you 
have a type-D fixture, which tests boards as they pass 
through your automated manufacturing line (Fig 4). 
The type-D fixture is the most expensive test fixture, 
owing to the addition of the board-handling mechanism. 

The standard test probe for through-hole boards is 
the 100-mil probe, which allows a 100-mil placement 
spacing in the test fixture. The 100-mil probe is well 
suited to through-hole board testing because DIPs have 
a 100-mil pin pitch. SMDs typically have a 50-mil pin 
pitch, and 50-mil probes are now available. MTD, 
however, recommends that you use as few of the more 
fragile 50-mil probes as possible by finding other sites 
on the SMA to probe. MTD also recommends that you 
not probe components directly, no matter how tempt- 
ing that approach may be, for two reasons. First, you 
may cause damage, either to the component or to the 
probe. A probe can crack some ceramic SMDs, such as 
resistors and capacitors, by applying pressure to one 
point on the component. Also, a slight misalignment 
can cause the probe to slip off the component, an event 
that may bend or break the probe and will certainly 
produce spurious error indications. Second, the test 
probe presses down on the component, and this action 
could mask an open condition by deflecting the compo- 
nent lead, causing it to make contact with the corre- 
sponding pad on the pc board. 

The small SMD lead pitches and close component 
spacing typically found on SMAs make probing more 
difficult. Plan ahead by designing accessible probe 
points into your board. You can minimize pe-board area 
requirements for probing by using existing vias in your 
board as natural test points. MTD recommends that 
test pads and vias be 35 mils or larger for 100-mil 
probes and no smaller than 30 mils for 50-mil probes. 
These recommendations are based on an analysis of the 
test probe, fixture, and board tolerances. EDN 
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We Are 
Surface Mount 
Technology. 


Mepco/Centralab is the leader in Surface Mount Technology. 
Your single source for passive components, 
placement equipment and services. 


We have the industry's largest selection of 
passive surface mount components. Ceramic chip capacitors. 
Tantalum chip capacitors. Aluminum electrolytic capacitors. 
Thick film resistors. And precision MELF resistors. 
All produced under the strictest quality control, using 
state-of-the-art manufacturing technology and automation. 


At our North American Philips Technology Center in Milwaukee, 
you can attend technical seminars and workshops on SMT. 
The center is a valuable resource when 
you need automated placement equipment, circuit design, 
prototype production and circuit assembly. 


So if you're in the market for passive 
surface mount components, equipment or Services, 
talk to the leader—Mepco/Centralab. 


For further information on SMT, write to 
Mepco/Centralab, Inc., 2001 W. Blue Heron Boulevard, 
Riviera Beach, Florida 33404. Or call (505) 881-3257. 


MEPCO/CENTRALAB 


The Active Leader In Passive Components 


Mepco/Centralab is a North American Philips Company. 
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Cracking. In surface-mounted 
capacitor chips it’s a nasty 
problem, usually caused by 5 
mechanical and thermal stress. 


Corning’s MLC capacitor chip is designed 
specifically to withstand those stresses. 


ACE process reduces internal stress 


Our MLC chips are produced with the 
Advanced Corning Electrode (ACE) process. 
We inject a lead-alloy electrode into a strong 
ceramic body. The result: a rugged capacitor 
with little internal stress and virtually no 
delamination or internal cracking. 


Corning’s patented double barrier-layer termi- 
nations also prevent cracking. A compliant 
lead-alloy layer in the termination helps 
relieve stresses created by thermal expansion 
mismatch. And that means no cracking. 


Solderability exceeds mil specs 


Our rugged chip terminations are leach- 
resistant in wave reflow and vapor phase 
soldering systems, too. The result is good 
solderability. Even after 16 hours of steam 
aging, solderability exceeds mil specs. 


And, because the electrode is a non-noble 
lead alloy, we eliminate silver migration, 
resist low-voltage failure, and keep material 
costs under control, too. 


Corning’s laser marking technology provides 
excellent legibility, and anti-static packaging 
makes handling easy. 


Chip resistors, too 


Come to Corning for surface-mount resistor 
chips, too. Ours offer the proven reliability of 
thick-film technology. And they are glass- 
passivated for electrical stability. 


CORNING O# 


For capacitor chips, call: 
Customer service (919) 878-6234 
Customer engineering (919) 878-6421 


For resistor chips, call: 
Customer service (814) 362-5700 
Customer engineering (814) 362-5719 


Don't let surface-mount headaches add stress 
to your life. For full technical information, 
circle the reader service number. 

Or take two aspirin and call us in the morning. 
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NOW YOU CAN SAVE A FORTUNE 
AND STILL HAVE ALLEN-BRADLEY QUALITY. 


It has all the recs and reliability you expect 
from Allen-Bradley. Like highly stable thick film 
rm resistance elements with low temperature 
\ || \ coefficient. Plus a very durable conformal 
| ! ! coating for rugged mechanical performance 
Pz) and environmental protection. 
|| | \ | ) Standard circuits come in 6, 8, 9 and 10 pin 
) == configurations, with 4 through 14 
ry | + tti;4, pinsavailable. All have the .190 
(il | i inch package height. 

Our C-SIP is produced on highly automated and 
process controlled production lines. All units are 100% 
electrically tested to assure quality. 

For more information on the C-SIP for smart 
cookies, contact customer service at 800-592-4888, 
call your Allen-Bradley appointed distributor, or 
write to Allen-Bradley Company, 1414 Allen-Bradley 

Drive, El Paso, Texas 79936. 


ALLEN-BRADLEY 


Wy 4 ROCKWELL INTERNATIONAL COMPANY 
CIRCLE NO 73 
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Australia Eastern Crest (Pty) Ltd.,21 Shierlaw Avenue 
Prinz Eugen-Strasse 36, A-1040 Wien. Tel: 0222-65 64 
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Ex 1 ek HP 
tizing Oscilloscopes. 


No. 1 in a series. 


Digitizing architecture is making scopes 


easier to use, and more efficient. 


The move toward digitizing architecture in oscillo- 
scopes is on. New digitizing scopes are easier to use, 
and can dramatically boost measurement efficiency 
for engineers and technicians in many applications. 


Simple instrument setup. 


With the new HP 54000 series 
digitizing oscilloscopes, you get a 
stable display on the screen faster, 
even if other users have left the 
scope in an unfamiliar operating 
mode. You simply push the 
‘‘autoscale’’ button on the front panel. Your signal is 
correctly displayed on the screen. It all happens 
automatically, in seconds. 

You can also store front-panel setups in memory 
for later use...a convenient feature, especially if your 
application calls for repeating several different instru- 
ment setups, or if the scope is shared by many users. 


Automatic answers. 


With conventional scopes, making measurements such 
as risetime or frequency is typically a lengthy process, 
involving manual calculations. With the HP 54000 
series, you can make these measurements, and many 
more, automatically. That’s because they are com- 
puted for you at the touch of a button from digitized 
information. 


Instant hardcopy output. 


If you’ve ever fussed with oscilloscope cameras trying 
to photograph traces, you’ll appreciate the digitizing 
difference. You simply push a button on the front 
panel of the HP 54000 series to get hardcopy of the 
waveform of interest, or scope setup, on HP graphic 
printers, or plotters. 


No more grease pencils. 


Unlike their conventional analog counterparts, digitiz- 
ing oscilloscopes can store waveforms in memory. So 
you can call them up for later reference, or compare 
them on the display with ‘‘live’’ waveforms, without 
parallax. Traces remain clear and sharp, so you can 
make accurate measurements without time limits, even 
on stored and recalled traces. 


Multiple colors enhance scope 
functionality. 


Multiple, selectable display colors let you distinguish 
overlapping traces more easily. Associate waveforms 
with corresponding measurement and setup data. 
Emphasize special conditions, such as the color red 
indicating when measured data is outside of control 
limits. And tailor the 
system to your own 
way of working—to 
improve contrast or 
aid recognition, for 
example. Functional 
color is available on 
the HP 54110D 
digitizing oscilloscope. 


Call today for our free ease-of-use 
videotape*and mini-brochure. 
Explore HP digitizing oscillo- 
scopes. Get a free VHS videotape | ™ 
and mini-brochure by calling 3 aes 
1-800-558-3077. In Colorado, 
call 590-3490 collect. 


*Offer expires Dec. 31, 1986. 
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CIRCLE NO 94 


STACK THE 
CARDS IN 
YOUR FAVOR 


Average contact insertion forces of one ounce ease 
the task of parallel board stacking. 


The KS Series connectors incorporate sockets on 
one side and socket tails serving as mating pins on 
the other. Printed circuit boards can be placed one on 
top of another with all electrical connections between 
boards routed through the stacking connectors. 


Hypertronics’ connectors utilize the Hypertac® 
contact design, a hyperboloid shaped socket. The 
Hypertac® is formed by multiple wires that stretch 
and wrap around the mating pin to create multiple 
contact paths. This design results in several major 
advantages: 


@ contact resistance as low as .0005 ohms 


m extremely low insertion/extraction force (as low 
as 2 ounce) 


m absolute continuity under extremes of shock and 
vibration (tested below 10 n.s.) 


m extended life exceeding 100,000 cycles with 
consistent repeatability 


For more information on these versatile connectors, 
call Toll Free 1-800-225-9228, or write for a copy of 
our complete 1986 catalog. 


HYPERTRONICS 
CORPORATION 


16 Brent Dr., Hudson, MA 01749-2904 
Telex 95-1152 Canada & MA 617-568-0451 
Toll Free 800-225-9228 


“NEW HORIZONS IN CONNECTORS” 
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SMD, surface mounting, automatic They're all questions whose answers 


placement systems — keywords that stand for determine the economy and profitability of 
the modern production of printed circuit your production process. We have complete — 


boards. The components are directly soldered documentation ey and waiting for oe 
_ onto the circuit board and no longer inserted. about: 


_ The benefits are compelling: @ our broad spectrum of SMD designs in al 
@ smaller boards, conventional package SIZeS. 
— @ higher packing density, @ our proven-in-practice, flexible automatic oF 
® more rationalized production, placement systems for small and medium — 
@ higher reliability | - 
But what do you have to watch out for when —— of SMD technology In our Own - 


changing your production line to SMD? — 
What are the precise advantages you get out And if you really want to get the picture, 
_ Of it? Are there automatic placement systems _ ask for our “SMD” video cassette. - 

that are really right for your needs? What's the | 


most suitable soldering technique? Just send off the coupon. And as soon as" 
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look like? What surface mounted devices are “© Il be glad oo you personally. oo 
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Info retrieval 


. es Send me fa af ice your 
information package 2 about — 
SMD and ee _ 


Send me free of eee and 
on loan your VEIS/PAL video | = oe 
asco) «=i s—isw 
(18 min duration. 


Powertul.Compat 
Perfect. 


yPD71051 


uPD71054 ~ 


uPD71055 


PD71059__ 
PD71071_ 


uPD71011 


uPD71082 
uPD71086 
uPD71088 


The V20/V30 are 
powerful CMOS 


microprocessors 
providing high- 
speed perfor- 
mance at vastly 
reduced power 
consumption. 
Internally 16-bit, 
the V20 has 

an 8-bit external 
bus, and the V30 
is a full 16-bit machine. Both feature 
NEC’s unique dual bus architecture, 
two program counters, and a super- 
efficient address generation logic, 
making them up to 50% faster. Low 
heat dissipation allows flexible plastic 
or ceramic-based packaging in three 
different configurations. 

Pin compatible with pPD8086/88 
devices, the V20/V30 incorporate an 
enhanced instruction set giving that 
extra performance edge required by 
time-critical applications. A complete 
range of compa- 
tible CMOS peri- 
pherals keeps 
engineering effort 
to a minimum. 
Heavy computatio- 
nal loads will be 
catered for by a 
CMOS floating 
point processor. 
There is a choice of 
5,8 and 10 MHz clock rates for different 
Operating environments. 
Compatibility of development tools 
safeguards investments and provides 
familiar and time-proven methods of 


Serial control unit 


Programmable timer/counter 
Parallel interface unit 
Interrupt control unit 


DMA controller 


Clock pulse generator/driver 
/83 | 8-bit latch 
/87 | Bus driver/receiver 


System bus controller 


West Germany: Dusseldorf 02 11/65 03 01, Telex 858 996-0 
The Netherlands: Eindhoven 0 40/44 58 45, Telex 51923 
France: Paris 01/39 46 96 17, Télex 699 499 


is 
ra 


» 


reaching powerful 
new solutions. 
NEC support soft- 
ware includes an 
in-circuit emulator 
package, reloca- 
table assembler 
plus a C-Compiler 
uPD8086/88 code 
written for both 
the Small and 
Large model can 
be run without modification on the 
V20/V30. The migration path to the 
V40/V50 microprocessors underlines 
NEC’s overall ae 
ware compati- 
bility strategy. 
In addition, the 
V20/V30 are 
supported by 
development 
systems from Hewlett-Packard and 
Tektronix. NEC’s V-Series devices are 
secondsourced by Zilog and Sony. 


DATA BUS #1 


" DATABUS#2 


The V-Series. Powerful and flexible 
products from a world leader in micro- 
electronics: Backed up by a world- 

NEC ORIGINAL wcRopRocessons Wie manufacturing, 


Wserles sales and service 


Organization. 
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Italy: Milano 02/67 09 108, Telex 315 355 
Sweden: Taby 08/73 28 200, Telex 13 839 


UK: Motherwell 06 98/73 22 21, Telex 777565 


w-cost PCs and — 


software analyze 


analog, 


Gone are the days when you'd have to solve 
circuit matrices manually, or even have to 
write a Basic program to solve them on 
your core-based minicomputer. You can 
now obtain the responses of large networks 
and active circuits by simply typing net lists 
of the circuits passive and actwe compo- 
nents. 


Bill Travis, Senior Editor 


PC-based analog-circuit analysis and simulation pro- 
grams come in a bewildering variety of flavors. You can 
find programs that operate on bare-bones, 8088-based 
IBM PCs and compatibles; others require a hard disk 
and an 8087 math coprocessor. At the extreme high end 
of the spectrum is a program from Analog Design Tools 
(Menlo Park, CA) that requires an AT or compatible; 
moreover, it also needs special hardware: a 32-bit 
processor board. 

Given a mandate to write a hands-on report on 
PC-based analog CAE, we decided to limit the article’s 
focus to PC/XT models and compatibles. Even this 
narrowed focus, however, proved to be unwieldy: Per- 
forming even a perfunctory evaluation of the available 
analog-CAE programs would entail dropping all other 
editing duties for the rest of 1986 and part of 1987. So, 
to keep the report to a manageable size (and the 
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circuits 


evaluation task to a manageable level), we decided to 
limit this first article to a couple of low-end, easy-to-use 
programs: ACIRC from FB Circuit Products Inc and 
ACNAP from BV Engineering. Other reports will 
cover several more advanced programs (the various 
Spices, for example). 

Don’t take the appellation “low end” to be pejorative. 
In this case, it applies to programs that run on a 
stripped-down, 8088-based IBM PC or compatible. No 
8087 or hard-disk drive are required; you don’t have to 
take a night course in MS-DOS Obfuscation to learn 
about trees and paths and other gardening considera- 
tions. Finally, the CAE software is menu driven, and 
the manuals are written in language that mere mortals 
can understand. This ease of use, of course, exacts its 
price—for example, you don’t have access to a library of 
standard circuit blocks (eg, a 709 op amp); you have to 
enter transistor or amplifier parameters manually. 


Find a juicy circuit 

The best way to see how these CAE programs work, 
of course, is to give them a good workout on a challeng- 
ing circuit. “Challenging,” to us, implies lots of poles; 
the more complex poles that exist in the circuit’s 
transfer function, the more difficult and time-consum- 
ing it is to solve the complex matrices. A weird and 
wonderful lowpass filter (Fig 1) shown in the applica- 
tions section of the data sheet for Analog Devices’ new 
AD711 operational amplifier proved to be just the 
ticket. 

This 9-pole Chebyshev filter uses circuit blocks that 
seem to be from the Twilight Zone: active, frequency- 
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Don’t take “low end” to be pejorative; here, 
it applies to programs that run on a 


stripped-down, 8088-based IBM PC or 
compatible. 


dependent negative resistors (FDNRs). These resis- 
tors, Ra and Rg in Fig 1, shunt the signal to ground in 
the ladder network between the op amps. The beauty of 
the circuit lies in the fact that the eight op amps in the 
negative-resistor legs don’t contribute any de offset at 
all to the filter. Imagine, if you will, alternative circuits 
in which cascaded, dc-coupled (necessarily, for a low- 
pass characteristic) stages all make insidious—and 
sometimes cumulative—contributions to the filter’s 
total de offset voltage. 

The task at hand, then, was to simulate and analyze 
the filter with the aid of ACIRC and ACNAP. The 
circuit, partitioned as shown in Fig 2 (so the sections 
would fit on 8'%x11-in. sheets), has 27 nodes, so it 
doesn’t exceed the limits of 40 nodes for ACIRC (Table 
1) or 30 for ACNAP. Note that the filter’s op-amp count 
reaches ACIRC’s limit of 10. 


Enter the net list 


To use ACIRC, you simply list all signal sources, 
circuit components, and active-circuit blocks in a net 
list. Creating such a net list is like falling off a log—you 
can use any word processor or text editor (eg, MS- 


1770 3920 


Fig 1—It’s No Trespassing for stop-band signals when you use this 9 
elements that don’t exist in nature—frequency-dependent negative resistors. The “resistors” shunt the signal to ground in the resistive ladder 
network between the input and output circuits. 
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DOS’s EDLIN) that’s capable of creating ASCII files. 
The net list for the 9-pole lowpass filter from the 
Twilight Zone is shown in Fig 3. The letter designa- 
tions for the various entries are obvious: V for voltage 
sources, R for resistors, C for capacitors, and A for op 
amps. 

ACIRC imposes some restrictions on certain entries. 
For example, a voltage source must include a finite 
series resistance. In this case, we added 0.10 in series 


TABLE 1—ACIRC SIMULATION LIMITS 


NODES 40 
RESISTORS 50 
CAPACITORS 50 
INDUCTORS 10 


VOLTAGE SOURCES 10 
CURRENT SOURCES 10 


TRANSISTORS 25 
FETs 10 
OP AMPS 10 


TRANSFORMERS 


3920 


-pole, Chebyshev lowpass filter. The filter uses active circuitry to realize 
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with V;. So, the entry for V; reads as follows: V;, Node 
1, Node 0, 1V, 0.10. Similarly, the entry for R, reads 
Ri, Node 2, Node 3, 0.19. ACIRC allows you several 
options in the way you enter values. For example, you 
ean use the letter suffixes K (kilo), ME (mega), G 
(giga), M (milli), U (micro), N (nano), or P (pico). 
Alternatively, you can use exponential notation. So, you 
ean enter a 1.5-kQ resistor as 1500 or 1.5K or 1.5E3. 
Note the ME and M suffixes; ACIRC does not under- 
stand that capital M is mega and lower-case m is milli. 
But this is a nit-picking observation. 

ACIRC places some restrictions on other circuit 


blocks. For example, a current source must include a 
shunt resistance, and a transformer (whose coefficient 
of coupling must be less than one) must have a path 
between its primary and secondary windings. The 
program does allow you to enter transistors and op 
amps as such, but does not have a library of standard 
devices. To insert an active element in the net list, you 
use the parameters shown in the equivalent circuits in 
Fig 4. 

Note that the models don’t have any provision for the 
active elements’ high-frequency rolloff parameters. To 
make a model that simulates an op amp’s high-frequen- 


Fig 2—This partitioned version of Fig 1’s filter circuit assigns node numbers for the purpose of creating a net list for ACIRC. The circuit has 


in about 942 minutes. 


27 nodes, and without the aid of CAE, you'd develop gray hair trying to solve its matrix equations. ACIRC produces a frequency-response plot 
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To use one package, you simply list all sig- 
nal sources, circuit components, and active- 
circutt blocks in a net list. 


LPFILT.CKT 
2 -00000E-01 
-O0000E+05 
-77000E+03 
-55000E+04 
-00000E+03 
-O0000E+03 
-92000E+03 
-86000E+04 
-0O0000E+03 
- 00O000E+03 
-14000E+03 
-86000E+04 
- 00000E+03 
-00000E+03 
-92000E+03 
-55000E+04 
-00000E+03 
-0O0000E+03 
-77000E+03 
-15000E+05 
-00000E+03 
-O0000E+03 
-00000E-08 
-00000E-08 
-00000E-08 
-00000E-08 
-00000E-08 
-00000E-08 
-00000E-08 
-00000E-08 
-00000E-08 
- 00000E-08 
-00000E+00 
-O0000E+05 
-O0000E+05 
-00000E+05 
-O0000E+05 
-O0000E+05 
-O0000E+05 
-00000E+05 
-00000E+05 
-00000E+05 
-O0000E+05 


-00000E-01 
-O0000E+12 
-O0000E+12 
-00000E+12 
-O0000E+12 
-O0000E+12 
-O0000E+12 
-OO0000E+12 — 
-O0000E+12 
-O0000E+12 
-O0000E+12 


-O0000E+01 
-00000E+01 
-00000E+01 
-O0000E+01 
-00000E+01 
-OOOO00E+01 — 
-00000E+01 
-0O0000E+01 
-00000E+01 
-00000E+01 


1 
1 
1 
1 
1 
5 
3 
1 
1 
5 
4 
1 
: 
5 
3 
} 
1 
5 
1 
1 

6 
5 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
i 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
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SELECT OPTION (PR/MO/NO/BR/ZT/PL/OP/NE/SA/AS/RE/MENU) > 


Fig 3—The net list for Fig 1’s Twilight Zone filter contains all the 
essential information for ACIRC to do its analysis—node numeoers, 
component values, and active-circuit parameters. This is the net list 
as printed out by ACIRC upon request; the ASCII -file net list had 
simpler notation: eg, R1 2 3 0.1. 


COLLECTOR 


EMITTER 


BIPOLAR 
TRANSISTOR 


(a) 


FIELD-EFFECT 
TRANSISTOR 


cy performance, for example, you’ll have to add some 
RC elements to provide the necessary breakpoints. The 
entries for A; through A, in Fig 3 illustrate the way to 
characterize an op amp in a net list: for example, A>, 
Node 2 (inverting input), Node 1 (noninverting input), 
Node 3 (output), open-loop gain, input resistance, out- 
put resistance. 

So far, so easy. The first step in firing up the 
simulation program is to boot up MS-DOS and get an 
A> prompt. Next, either substitute the ACIRC disk 
for the MS-DOS disk or use the ACIRC disk in the B 
drive. Because of deep-rooted, inborn prejudices, using 
the B drive as the default drive offends our sensibilities, 
so we made the substitution. To load the program, you 
enter A>ACIRC. 

After the program loads, it queries you for the file 
name of the circuit you want to analyze and the fre- 
quency range of interest, and it presents you with a 
selection list: 

SELECT OPTION 
(PR/MO/NO/BR/ZT/PL/OP/NE/SA/AS/RF/MENU)> 

The frequency query demands a starting frequency, 
an ending frequency, the size of the first frequency 
step, and a multiplier. The multiplier allows you to 
make the step sizes increase as frequency increases. 
For example, with 1-kHz steps and a multiplier of 1, the 
steps would all be 1 kHz wide. Don’t think, however, 
that a multiplier of 2 makes the steps double progres- 
sively—it takes each step width, multiplies it by two, 
and adds it to the previous frequency. So, if you start 


SOURCE 


OPERATIONAL 
AMPLIFIER 


(b) (c) 


Fig 4—The ac models for active elements in ACIRC use controlled current sources. The current source in the transistor model (a) depends on 
the device’s beta; for the FET and op amp (6 and ¢e), the sources’ values are a function of the devices’ transconductance figures. The de models 
for ACIRC’s dc-analysis sibling DCIRC include vol tage sources to simulate the transistor’s and FET’s Vpr and Ves figures, respectively. 
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with 0 Hz, choose a starting step of 1 kHz and a 
multiplier of 2, the steps would be 0, 1, 3, 7, 15 kHz, and 


PR = PRINT CIRCUIT FILE so on. 
= ROUTINE USED TO MODIFY A COMPONENT VALUE OR VALUES If you select MENU from the list, the program gives 
= OU Nope NOLTGee A you a menu list (Fig 5) that describes what each of the 
pals Basa ago ES Ge eee = options does. It’s worthwhile to briefly describe here 
= PLOT NODE OR BRANCH PARAMETERS the function of the options. PR prints out the ASCII 
= OPTIMIZE A PARAMETER OR COMPONENT circuit file for your perusal. Note that however you 
= READ IN A NEW CIRCUIT FILE enter the values, ACIRC converts all numbers to the 
= Ave TER CUSRENT CancUss Fue oe Oe exponential format. MO allows you to modify either a 


ASSIGN OUTPUT BEVITE circuit component or one of the frequency entries. 
RESISTANCE FUNCTION 


Choosing NO causes the program to print out voltage, 
MENU = DISPLAY THIS MENU 
CARRIAGE RETURN = EXIT FROM THE PROGRAM phase, and dB (referred to the starting frequency) 
information for one or more selected nodes at each 
selected frequency. 

To obtain printouts, we invoked the PC’s Control-P 
Fig 5—This menu for ACIRC provides an array of choices. Once utility; the printer thus printed everything that ap- 
you learn what each 2-letter option is in the “SELECT OPTION” line, peared on screen. Alternatively, we could have directed 
though, you won't need to call up the menu. the program’s output to the printer by using AS— 


1 ou 


SELECT OPTION (PR/MO/NO/BR/2ZT/PL/OP/NE/SA/AS/RF/MENU) > 


= NODE 26 . 
INDICATES DOUBLE PLOT IN THAT SPACE : 
HORIZONTAL UNIT = 3.767E+01 DB-S. | 
—-2.260E+02 L -1.507E+02 I =] 6532E701 2 2.006E-02 
I -1.883E+02 L -1.130E+02 a -3.765E+01] 


Be Te ee oe ee eee 


e e cs 


-000E+00 
5.000E+03 
1.000E+04 
1.500E+04 
2.000E+04 
2.-500E+04 
3.000E+04 
3.500E+04 
4.000E+04 
4.500E+04 
5.000E+04 
5 .500E+04 
6.000E+04 
6.500E+04 
7.000E+04 
7.500E+04 
8.000E+04 
8.500E+04 
9.000E+04 
9.500E+04 
1.000E+05 


eeiecMccMacfccMesfia+feMeoMasfs>MooMcmocie* Mor Mat ooo Hooda. 


Fee ee ee ee ec ie 


te -1. 6836402 9 41 ~1.130E+02 I =3 .7655+01 ae 
-2.260E+02 I -1.507E+02 I =} 5306401 I 2.006E-0 


Fig 6—A 0- to 100-kHz plot of the magnitude response for Fig 1’s filter circuit shows that the cutoff frequency is somewhere in the vicinity of 
10 kHz. The task remains, then, to plot the response over a narrower frequency band. 


10 kHz. The task remains, Wen, 10 eee eee 
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Ps 


+ = NODE 26 
= INDICATES DOUBLE PLOT IN THAT SPACE 
HORIZONTAL UNIT = 1.627E+01 DB-S. 
—-9./57E+01 t -6.503E+01 I -3.249E+01 I 4.608E-02 
i -~8.130E+01 . -4.876E+01 I -1.622E+01 I 


I---- ;----J---- :-~--I---- ;----J---- ;----J---- ;----]---- ;--- 


-000E+00 
1.000E+03 
2.-000E+03 
3.000E+03 
4.000E+03 
5 -000E+03 
6 .000E+03 
7.000E+03 
8.000E+03 
9.000E+03 
1.000E+04 
1.100E+04 
1.200E+04 
1.300E+04 
1.400E+04 
1.500E+04 
1.600E+04 
1.700E+04 
1.800E+04 
1.900E+04 
2-000E+04 


ee mor erase ese her eerie ier Masiteckeciis cies iar ier ier iesMasias ie} 


I[---~ 3-~~~[---= 3----][---- ;----I---- ;----I----; 


I -8.130E+01 I -4.876E+01 I -1.622E+01 I 
(a) =9, /5/768701 I -6.503E+01 I -3.249E+01 I 4.608E-02 


----[----;----] 


+ = NODE 26 
= INDICATES DOUBLE PLOT IN THAT SPACE 
HORIZONTAL UNIT = 5.381E+01 DEGREES. 
-1.608E+02 I =5 «~3L36+01 I 5.450E+01 I 1.621E+02 
T -1.069E+02 I 6.845E-01 I 1.083E+02 I 
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Fig 7—Excellent flatness, steep rolloff, and weird phase response characterize the filter in Fig 1. The sharp rolloff qualifies the filter as an 
excellent antialiasing circuit, but the bizarre phase response disqualifies it for applications needing good phase linearity. 
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assign output device. Inasmuch as the program pro- 
vides ASCII-character outputs, you don’t need any 
graphics capability or even a dot-matrix printer. In 
fact, a computer-connected electric typewriter would 
do the job. 

Option BR is similar to NO, but it applies to one or 
more branches of the circuit. In other words, it causes 
the program to deliver the magnitude and phase of the 
voltage and current in any particular branch or 
branches, for each specified frequency. ZT instructs the 
software to calculate input and output impedances at 
the selected frequencies; PL produces a plot of the 
response at any given node or nodes. OP allows the 
program to vary a component’s value to obtain a 
desired response at a given node or across a given 
branch. 

NE calls up a new circuit file (whose extension, by 
the way, is .CKT) and discards the one you're currently 
working on. SA saves the current file to disk; RF 
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After the program loads, it queries you for 
the circuit’s file name and the frequency 

range of interest, and it presents you with a 
selection lust. 


establishes a relationship between two resistors—for 
example, a constant sum, difference, or ratio. The 
constant-sum configuration, for example, would be 
handy for specifying the resistances in a potentiometer; 
the constant-ratio form is convenient for delineating 
voltage dividers. Enough command details: Now con- 
sider the analysis of the Twilight-Zone Chebyshev filter 
(TZCF). 


The proof’s in the plotting 


The fastidious work of entering the filter circuit’s net 
list into a circuit file (LPFILT.CKT) done, it was time 
to try a tentative plot of frequency response. We 
decided to plot the voltage (in dB, referred to the 
response at 0 Hz) at node 26 (the output) from 0 to 100 
kHz. You can see from Fig 6 that the filter indeed filters 
and that the cutoff frequency is somewhere between 5 
and 10 kHz. To obtain more resolution, we plotted the 
response from 0 to 20 kHz; the results are in Fig 7a. 
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One program can handle circuits having as 
many as 30 nodes; you can use its “Com- 
pute chained network” utility to calculate 
the response of larger circuits. 


If you’re intrigued by the strange dB coordinates on 
the abscissa, be informed that they don’t represent 
some Martian or Jovian numbering system. The pro- 
gram takes the difference between the response at the 
lowest and highest frequencies and divides the differ- 
ence into six equal increments. One is left curious about 
why the software developers didn’t do it differently: 
divisions corresponding to the nearest six or 10 dB, for 
example. But this, again, is unworthy nit-picking—the 
numbers, albeit bizarre, are perfectly usable as they 
are. 

You can see from Figs 6 and 7a that the filter’s 
response is very sharp indeed. The cutoff frequency is 
about 8 kHz, and response is down about 78 dB in an 
octave (at 16 kHz). If you like to think in dB/decade, the 
response is down about 210 dB in a decade (80 kHz). 
The filter is thus very useful in antialiasing applica- 
tions, for example. However, don’t even consider using 
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this filter in applications in which you need constant 
group delay (linear phase response). Fig 7b shows the 
filter’s bizarre—almost freakish—phase response. As 
an aid in pinpointing the —3-dB point, we plotted the 
response between 7 and 9 kHz: Fig 7c shows the cutoff 
frequency is almost exactly 8 kHz. 


Let’s mess up tolerances 


In changing the frequency limits in the preceding 
examples, we used the handy MO (modify) utility. For 
example, to change the limits from 0 to 100 kHz to 0 to 
20 kHz, we selected MO, then entered F1=0, F2=20K, 
S=1K, and M=1. 

Having just configured a filter with beautiful charac- 
teristics, we then decided to indulge some sadistic 
tendencies, by royally screwing up the circuit’s compo- 
nent tolerances. A gut feeling (and maybe a smattering 
of logic) told us that the way to inflict maximum damage 


-2.658E+01] I 
I -5.3158401 u -O000E+00 


Fig 8—See the shambles that results from using wrong R and C values in the TZCF circuit of Fig 1. The beautiful frequency-response 
characteristic of Fig 7a has turned into a monstrosity. Of course, the 10% variances in the R and C values—all in the worst-case 
direction—represent an extreme case; no one in his or her right mind would use such loose-tolerance components in a precision filter. 
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Fig 9—Somewhat ripply, but nevertheless respectable, these frequency-response curves result when you let the R and C values attain +5% 
limits in the TZCF circuit of Fig 1. The frequency-cutoff and -rolloff parameters remain substantially the same as those of a filter having Rs 
and Cs whose values are the theoretical ones. 
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The manufacturers offer companion pack- 
ages that handle tasks other than ac 
analysts. ) 


was to alternately set the RC constants low and high, 
going from left to right in the circuit diagram. To make 
things really abominable, we set the following compo- 
nents 10% low (using the MO utility): Re, Ci, Re910, Cas, 
Rie,17,18, and Cg. We then set the other RC components 
high by 10%: Rase, Co3, Rie13,14, Ce,7, Ro, and Cru, Note 
that these tolerance settings put the RC products 21% 
high and low, for a total high-low disparity of 42%. 
Fig 8 shows the sad result of fooling around with the 
circuit’s component tolerances. The once-proud filter 
characteristic is now a completely different, wimpy 
one. You can see that strange things happen at 1 kHz, 
and the high-frequency rolloff assumes an entirely 
different slope. Our sadism duly indulged, we then 
decided to vary the components by a more reasonable 
+5%. The result is the respectable, but somewhat 
ripply characteristic shown in Fig 9a. The frequency- 
expanded (from 4 to 9 kHz) characteristic in Fig 9b 
shows details of the approximately 1.5-dB ripple. 


What’s a TMP file? 


In changing the tolerances of the TZCF’s RC compo- 
nents to +5%, we elected to create a new ASCII circuit 
file (LPFILT2.CKT) instead of using the MO utility. In 
the course of doing the analysis of LPFILT2 (having 
+5% tolerances for the Rs and Cs), the program flashed 
an error message, “TMP FILE DISK WRITE 
ERROR.” In the ensuing panic, we tried to coolly 
reason what a TMP file might be. Tympany? Thumper? 

Then came the light. We remembered that, during 
the computations for various frequency responses, the 
program made frequent, mysterious accesses to the 
floppy-disk drive. The TMP file must be a temporary 
file the software uses when computing a response. 
Implacable logic put two and two together—the disk 
had only a few thousand bytes available, so the pro- 
gram was running out of disk space. A few file erasures 
banished the error message. 

As pleasurable as it is to obtain a 20-point frequency 
response of a 27-node circuit in about 9% minutes, we 
reasoned it would be ecstatic fun to look at the imped- 
ance of a component that doesn’t exist in nature—the 
negative resistor. Fig 10a depicts one of the frequency- 
dependent negative resistors, a 5-node active circuit. 
We obtained input-impedance data for frequencies from 
0 to 100 kHz, then plotted the results (Fig 10b). The 
circuit block indeed lives up to its name; the impedance 
varies from —82.77 kQ at 1 kHz to —8.660 at 100 kHz. 
We were sorely tempted—but didn’t have enough time 
—to configure an RC circuit using the block, apply a 
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Fig 10—An impossible and nonexistent (in nature) component 
makes the TZCF of Fig 1 work. The circuit block in a has a 
negative-resistance characteristic; the value of the negative resistance 
varies inversely with applied frequency. If you put this component in 
series with an 8.66Q. resistor at 100 kHz, the resulting series network 
will have 0Q resistance. 
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COMMITTED TO EXCELLENCE 


Copyright © 1986 by Tektronix, Inc. All rights reserved. PCB 101 
CIRCLE NO 127 


For simple circutt-simulation programs, you 
don’t need a math coprocessor or a hard 
disk, but these enhancements are almost 

a must when you use Spice-type programs. 


step, and look for a negative time constant. 

Another low-end (again, not a pejorative term) pro- 
gram that performs circuit simulations and analyses is 
ACNAP from BV Engineering. In some ways, this 
program works similarly to ACIRC; in others, it differs 
significantly. Its menu (Fig 11) will give you an idea of 
its inherent features. The program can handle circuits 
having node counts as high as 30, but you can use the 
“Compute chained network” utility to calculate the 
response of larger circuits (broken into segments). To 
accomplish the chaining, the program uses the output 


ACNAP Rev. 2.04 Copyright 1983/4 by BV Engineering # 23610 


Max #: Nodes-30  Dependend currents-30 Components-200 
Enter new network 8) Compute node sensitivity 
Load network from disk 9) MonteCarlo analysis 

Save network to disk 10) Toggle printer ON 

Edit current network 11) Compute Zin/Zout 

List network Save spectral data 
Compute node response Compute N.E.B 

Compute chained network EXIT program 


Select one - 


Fig 11-A smorgasbord of features makes for easy ac-circuit simula- 
tion using ACNAP. This program supplies a circuit editor for your 
use in creating net lists. Calculation time for the TZCF of Fig 1 is 
about 14% minutes for 20 frequencies. 


PERFECT OP AMP 


Fig 12—Voltage-controlled current sources are the models for op 
amps in ACNAP. The current sources, referred to ground, are 
controlled by the +C and —C control terminals. The value (transcon- 
ductance) of the source is the open-loop gain divided by the op amp’s 
output impedance. 
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of one circuit segment to drive the input of another. 

ACNAP, unlike ACIRC, has a built-in editing facili- 
ty. You create the net list for a new circuit by respond- 
ing to the program’s prompts for component values and 
tolerances. As is the case with ACIRC, you can use any 
of three numbering systems for assigning component 
values. ACNAP, however, does distinguish between 
lower-case m (milli) and capital M (mega). Curiously, 
the program doesn’t recognize n or N (nano). Stop us 
before we nit-pick again. 

You can’t enter transistors or op amps in ACNAP’s 
net list in as straightforward a fashion as with ACIRC. 
ACNAP uses voltage-controlled current sources as ac- 
tive elements. Two examples of the representation for 
op amps are shown in Fig 12. The +C and —C nodes are 
known as “control nodes,” and the controlled current 
source has a value (transconductance) that’s equal to 
Iour/Vin, which finally equates to the open-loop gain 
divided by the output impedance. It’s of little utility to 
again show the entire 27-node TZCF circuit, but Fig 13 
shows the placement of the voltage-controlled current 
sources and the control nodes in one negative-resistor 
section. 

ACNAP has some special utilities. “Compute node 
sensitivity,” for example, allows you to see the change 
in the magnitude or phase of a circuit’s output resulting 


Fig 13—Looking different from but actually the same as Fig 10’s 
circuit for a frequency-dependent negative resistance, this equivalent 
circuit for ACNAP uses voltage-controlled current sources for its 
op-amp models. 3E'12 is the op amps’ input resistance; 10Q, their 
output resistance. The transconductance figure (20,000) is the open- 
loop gain divided by the output resistance. — 


EDN October 2, 1986 


Pidy 


erie ne Reet RRR CANO Sosy a 


aneeiereden 


and 3 i per oa | _ . 

And only the MegaOne guarantees all 
specifications at the DUT pin, handler, or 
probe tip, where you need it. 


Performance without Compromise 
CIRCLE NO 102 


Monte-Carlo analysis and circuit-sensitivi- 
ty routines show you the effects of compo- 
nent tolerances on a circuit’s performance. 


Frequency Magnitude (dB) Phase (Deg) 
1000.00 00000 -52.439 
2000.00 82472E -2 -105.84 
3000.00 -.47086E -1 “LI2s91 
4000.00 -.40721E -1 142.38 
5000.00 -.S1947E -2 80.913 
6000.00 -.47124E -1 -4.1475 
7000.00 -.3/192E -2 -44.518 
8000.00 3.34801 163.19 
9000.00 -24.585 64.947 
10000.0 -36.906 37.930 
11000.0 ~50.465 17.305 
12000.0 -58.804 6.1762 
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16000.0 —78.417 =20,,2586 

CR for more, 1 to abort 
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from an incremental change in a selected component’s 
value. You can perform the sensitivity analysis over a 
band of frequencies. This utility is not available in 
ACIRC, but it is included in its de-analysis sibling 
DCIRC. “Monte Carlo” analysis allows ACNAP to 
analyze a number of randomly chosen circuits that use 
component values within the range of the tolerances 
you set. 

“Save spectral data” makes the program save the 
output response of a circuit—in a dedicated data file— 
to a range of frequencies. The file contains 256 pairs of 
complex numbers, which define the response of the 
circuit to de and to the sinusoidal stimuli of 255 harmon- 
ics of the basic fundamental frequency. Finally, “Com- 
pute N.E.B.” allows you to automatically compute any 
circuit’s noise equivalent bandwidth. 


Back to the Twilight Zone 


To gain a feel for ACNAP’s simulation capabilities, 
we entered the net list for the 9-pole Chebyshev filter. 
We then asked the program to compute the response 


I -9.900E+00 I -0O00E+00 


-4.950E+00 I 


Soper Seed eg wear 3 


-4.950E+00 I 


Fig 14—ACNAP’s frequency-response results (a) are the same as ACIRC’s (6), except for a nonmonotonic anomaly at 13 kHz. Note the rise 
in the response, at a point where the response is normally rolling off steeply. The aberration arises from ACNAP’s single-precision math, 


which can produce errors when two large numbers are subtracted. 
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Elantec is charting a new course for high speed Op 
Amps. One that offers new alternatives for those who 
need HA2500 and HA2600 family devices. We deliver. 
Service with spirit— because we want your business. 
And the industry’s only two-for-one guarantee — 
because the quality and reliability of our devices is 
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Using our own Dielectric Isolation process we 
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Series. High performance devices with slew rates up to 
120 V/us. Available in molded DIP, LCC, metal can 
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For one program, you enter op amps in the 
netlist in the form of voltage-controlled 
current sources; for ac parameters, you can 
add capacitors to the equivalent circuit. 


from 0 to 20 kHz in 1-kHz increments. No dice—the 
program won’t accept 0 Hz as a frequency. So, we 
changed the range to be 1 to 21 kHz, again in 1-kHz 
increments. Unlike ACIRC, which does all its computa- 
tions for the entire frequency range at one time, 
ACNAP computes the response for one frequency at a 
time. The entire calculation took about 14% minutes; 
the results are shown in Fig 14a. 

Note that ACNAP is the first software program 
we've encountered that has built-in skepticism. At 16 
kHz, the program decided that it didn’t really believe 
we wanted the response from 1 to 21 kHz, so it asked us 
if we wanted to continue. If skepticism isn’t the reason 
for the pause, perhaps the software writers decided the 
program needed a break after so many calculations. 

If you'll look closely at Fig 14a, you'll see a strange 
happening at 13 kHz—the circuit’s output actually 
increases about 3 dB from 12 to 13 kHz, even though 
the response had been rolling off like crazy. A gut 
feeling told us this anomaly was impossible, so we 
rechecked the circuit’s response from 11 to 15 kHz 
using ACIRC (Fig 14b). The result: no trace of non- 
monotonicity in the rolloff. A call to BV Engineering 
revealed that the phenomenon probably stemmed from 
a math error—ACNAP uses single-precision math, so a 
subtract operation between large numbers (at the mys- 
terious 13 kHz) could explain the error. 


Companion programs 

The preceding sections concentrated on ac-analysis 
programs. In addition to the described software, both 
manufacturers offer companion packages that handle 
other tasks. For example, DCIRC is the de-circuit 
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equivalent of ACIRC; it has all the features of its ac 
sibling. In addition, it provides sensitivity analysis, and 
it allows you to calculate diode and transistor parame- 
ters by using the exponential diode equation. ACIRC 
and DCIRC come on the same $95 disk; you can 
purchase the source code for $375. 

ACNAP has three siblings and a cousin. The siblings 
are DCNAP, PCPLOT, and SPP; the cousin is LOCI- 
PRO. By “siblings” we mean the programs work inter- 
actively. For example, DCNAP can use files created 
under ACNAP to provide de analyses of circuits. To 
convert files from their ac form to the de form suitable 
for use by DCNAP, you use an ac/de conversion utility 
included on both program disks. PCPLOT makes it 
possible to create graphs based on the circuit analyses 
provided by ACNAP or by any ASCII file that contains 
X,Y coordinates. 

Another interactive program from BV Engineering 
is SPP (signal-processing program). This software uses 
the spectra files created by ACNAP. The program can 
compute the impulse response of any circuit by per- 
forming an inverse fast Fourier transform (IFFT) on 
the circuit’s spectra. It can also use the spectra to 
compute the transient response of any circuit to any 
user-specified time-domain waveform. 

Finally, ACNAP’s cousin LOCIPRO analyzes linear, 
closed-loop control systems that are modeled as single- 
loop, single-summing-junction systems. An appropriate 
Laplace-transform function describes each element in 
the loop. Once you define a system in this (Laplace- 
transform) fashion, you can enter the loop into the 
program in the form of polynomials. Note that LOCI- 
PRO is a first cousin in the BV family; it interfaces with 
PCPLOT and SPP to yield a complete analysis of any 
system. All the BV programs have the same price: 
$72.95 each. EDN 
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Today, the prod- We'll keep you on the 
uct that’s first in leading edge. 
the market is Because that’s where 
likely to win the AT&T Bell Laboratories 
biggest share of keeps us. 
market. Our new 32-Bit UNIX™ 
So when Microsystem, for 
you're racing to get example, delivers 
a great idea off the performance others only 
ground—ahead of WE®32100 promise. It’s a chip set 
your competitors— heart ofthefirst. that’s 100% complete, 
you need more than full 32-bit chipset. 100% CMOS, and 
just a “supplier” 100% TTL-compatible— 
You need a company with a broad line fully able to reduce your 
of high-performance components and design time by as much as 
electronic systems. A company with a 50 percent. 
networking point-of-view, an end-to-end In data communica- 
capability, and the people and resources _ tions devices, we're state- 
to assure all-out technical support. of-the-art every step of 
AT&T. the way. (As you might 
Ready now to offer you the total expect from the company 
commitment to quality and reliability that that developed the world’s 
we've always insisted on in the systems biggest, most reliable 
and products we develop for ourselves. communications 
Ready now to deliver solutions. network.) 


Right now, for exam- 
ple, AT&T is the only 
company in volume pro- 
duction of a microprocessor- 
controllable, single-package 
modem that can handle 
up to 2400 bits per second. 

Our Digital Encryp- 
tion Processor is the 
only software- 
programmable, 


When off-the-shelf won’t do, our advanced 
custom design gives you the edge. 


encryption processor available. 

And our X.25 Protocol Controllers 
offer the widest range of applications, 
from PCs to satellites. 

In memory, not only are we cur- 
rently delivering an American-made 
256K DRAM, but we offer a range of 
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James Mollison, 

the second man to fly solo 
across the Atlantic, because 
‘Lindy’ did it first. 


PROMISE YOU 


JUST THE FASTEST 


AN IDEA FLY. 


leading-edge specialty memories. 

And our third-generation, single- 
chip Digital Signal Processor gives you 
the edge you need to design-in superior 
system performance at a competitive 
price. 


New ST™ Connector doubles your connections. 


Count on AT&T’s advanced tech- 
nology to help you move your product 
out the door on schedule. 


Advanced custom design 
capability. 
Nobody knows better than you— 
moving to market first, and staying 
there, can require custom designed 
components. 

At AT&T, we'll get involved at any 
stage of your product design—from lay- 
out to prototype to production. We'll 
support you with the industry's most 
advanced CAD/CAM software, rapid 
prototype turnaround, and unsur- 
passed volume manufacturing capabil- 
ity. Everything you need to ensure the 
success of your product—on your manu- 
facturing line and in the market. 

Your specialized interconnection 
needs will be taken care of—from flexi- 
ble printed wiring to multilayer boards 
to hybrid ICs—all produced with our 
high standards of quality and reliability. 

We'll meet your application- 
specific IC needs with expert design 


and engineering personnel. And with 
powerful CAD software that helps 
make sure your devices work the first 
time. The commitment and resources 
to deliver solutions—that’s what makes 
AT&T, AT&T. 

hrm Me it all takes power. 
AT&T’s board-mounted 
power products cut 
design time with 
unmatched flexibility. 
Our low profile power 
converters are modular 
in design and about one 
quarter the size of con- 
ventional DC/DC circuit 
board converters. So 
they can be mounted in 
more places. And in the 
tightest situations. 

Whatever your 

power needs, from 
board-mounted to off-line switchers, we 
can work with you to develop a system 
to meet your needs. 


Networking products that lock-in 
the future. 
For local or long-haul transmission, 
AT&T offers a complete family of fiber 
optic products and apparatus. 

In local area networks, our new 
ST™ Connector can actually double 
your network connections—or double 
the distance between connections— 
without affecting the fiber optic cable 
or electronics. 

And for high performance data 
transfer, AT&T’s ODL® 50 and ODL® 
200 Lightwave Data Links, with bit 
rates up to 200 Mb/s, incorporate the 
latest optical and integrated circuit 
technology. These products, as well as 
our ODL RS232-1 Fiber Optic Modem, 
a high performance data interface, 
readily mate with the ST Connector. 

Our newest addition to the AT&T 
lightwave family—the ASTROTEC™ 
ceramic laser module—is a reduced-size, 
long-wavelength laser that offers highly 
reliable, low cost performance. 
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News in ac plasma. 
AT&T has just introduced a new light- 
weight, compact ac plasma display for 
alphanumeric and graphic images. It 
offers excellent visual characteristics in 
virtually unlimited applications. 


We'll work with you, all the way. 
Call us right from Day One, and we'll put 
our expertise at your disposal. Call us 
when you hit a snag, and we'll work out a 
solution together. After all, we've got the 
world’s greatest problem-solvers on 
call—the men and women of AT&T Bell 
Laboratories. 

For more information, phone AT&T 
at 1800 372-2447. We'll help you put 
wings on your concept, and “first” on 
your product. 

(In Europe, phone AT&T Micro- 
electronics in Munich, Germany, at 


089/95970. Telex 5216884 attm d.) 
© 1986 AT&T Technologies, Inc. 
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—Multilayer Printed Wiring Boards, 
Hybrid Integrated Circuits, Multi-Fiber 
Array Connectors 


Linear Integrated Circuits 
—Interface and Telecom, High Voltage Solid 
State Relays, Semi-Custom Arrays 


Power Products 
—Board Mounted Power Modules, Custom Off- 


Line Switchers, de/de Converters, de Reserve 
System, Power Protection Systems for ac 
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w Miniature Voltage-Controlled 
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ge Electronic Circuit Transformers 
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In Surface Mountable Components. 
TDK Quality Is Mor in Dee 
uality Is More Than Skin Deep. 
_ As boards are getting thinner, TDK is helping that diet succeed by pro- 
viding a variety of extra-slim surface mountable components. Nourished 
by TDK’s expertise in ferrite and ceramic materials, these miniaturized 
components feed on TDK—developed multi-layerization and multi- 
functionalism. 
How we know the exact needs of high-quality automated board 


production? Well, a fair share of the world’s automatic mounting equipment 
_~—the Avimount series—comes from TDK. 
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Finally, full-function CAE for your 
standard IBM PC. 


For a long time, full-function CAE and a standard 
IBM PC couldn't be mentioned together in the same 
breath. The Cadnetix PC System has changed all that. 

Finally, an experienced CAE vendor has outfitted an 
unmodified IBM PC/AT™ or XT™ with the same excellent 
hierarchical schematic capture tools included on our 
high-end workstations. We've given you immediate access 
to real CAE component and semicustom libraries via 
Ethernet™ And, we've made your PC a “‘window on the 
network,’ linking it to powerful Cadnetix engines for 
simulation, physical modeling and physical layout. All thi 
without expensive alterations or add-on hardware. 4 
The Cadnetix PC System is a complete CAE resource — 
that hasn’t been converted into a high-cost hybrid. [7 


The super-computer power of Cadnetix 
Engines, directly available to your PC’s. 


With Cadnetix, your IBM PC becomes much 
more than a normal entry-level CAE workstation. For 
fast analysis of your largest designs, Cadnetix gives you 


direct access from your PC to our full line of CAE Engines. 
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You'll develop designs on the PC, then compile and 
analyze them on high-performance engines tailored for 
accelerated compilation, simulation, physical modeling 
and database management. And Cadnetix has integrated all 
of these functions into a single network resource featur- 
ing both a RISC processor and a bit-slice processor to 
accelerate various applications tasks. 

Our Analysis Engine is a versatile processing node 
offering you the choice of configurations you need for 
your design analysis environment. With up to 280 Mb of 
disk, mass storage for database management is essen- 
tially unlimited. Options include: 

e — Bit-Slice Engine with Simulation: This bit-slice 
application-specific accelerator speeds through 
logic simulations at 200,000 evaluations per 
second — 200 times faster than typical work- 
stations. Worst-case analysis tools are standard. 
GP Engine: A general purpose engine providing 
accelerated compilation and SPICE. Based on 

a RISC architecture chip set, it has an effective 
operating rate of 10 million instructions per 
second. In addition, a compiler and debugger 
tool set allow you to accelerate ‘C’ programs 
which you develop. 

¢ — Physical Modeling Engine: This engine simulates 
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tntroduces 
AE works 


VLSI chips at vector rates of up to 16 MHz and 
accommodates devices with up to 364 inputs and 
384 outputs. Vector storage of 512K x 91 bits 
provides for longer simulations and simultaneous 
analysis of up to 30 devices. 

Powerful Cadnetix engines complement PC capabili- we 
ties, achieving top efficiency in compute-intensive design Boao, ah ee 
tasks while supporting lowest-cost per engineer for — | 2. om 
routine access. 


Now your PC has the capability of an 
entire design network. 


The Cadnetix PC System is not just another PC 
software package. It is your window to complete, sup- 
ported solutions for electronic systems design. 

The NFS® protocol, a powerful networking stan- 4 
dard, provides immediate and transparent remote 
file access to our full range of design tools: PC’s for 
engineering design, high-performance workstations 


for advanced design tasks, high-capacity file servers 
for mass storage, engines for applications demanding 
peak power. 

Cadnetix protects your investment with the most 
comprehensive set of data access standards available. With 
UNIX™ and EDIE your data is always accessible. And with 
remote login capability, you can access any UNIX node 
on your network through the UNIX window on your PC. 

Cadnetix has established the standard for ease of 

use with its industry-leading object-oriented user inter- 
face. Cadnetix has brought this interface to the IBM PC, 
giving you the shortest possible learning curve and 
eliminating a significant hidden cost of other systems. 

Find out about the Cadnetix PC System. Discover 
the unlimited design potential of your PC. 


@ 


CADNETIX 
Solutions for system design. 


Cadnetix Corporation, 5757 Central Ave., 
Boulder, CO 80301 (303) 444-8075 


IBM PC/AT and IBM PC/XT are trademarks of IBM Corporation. Ethernet is a trademark of Xerox Corporation. 
NES is a registered trademark of Sun Microsystems, Inc. UNIX is a trademark of AT&T Bell Laboratories, Inc. 
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Designer’s Guide to 
VME Bus Control—Part 1 


EPCs and PLDs 


simplify 
VME Bus control 


By using fuse-programmable controllers (FPCs) and 
PLDs, you can implement VME Bus control in your 
computer system with a minimum of hardware. Just 
a few chips per plug-in module, and a bus arbiter, 
can perform all bus-control functions. This article, 
Part 1 of a 2-part series, describes the bus-arbitration 
process and control functions and shows you how to 
implement the VME Bus protocol in an F'PC. Part 2 
will describe the implementation of slave controllers, 
discuss interrupt handling, and provide tools for pro- 
gramming the FPC. 


Arthur Khu, Advanced Micro Devices 


Until recently, you needed many ICs—sequencers, mi- 
croprogrammed control stores, and other MSI/LSI 
chips—to implement VME Bus control in a computer 
system. Now, however, you can use a minimum of 
hardware to handle the bus’s intermodule communica- 
tion functions. Just a few fuse-programmable control- 
lers (FPCs) and programmable-logic devices (PLDs) 
relieve the CPU of all bus-control functions. 

A typical VME Bus-based computer system com- 
prises one or more master modules (eg, CPU boards), 
one or more slave modules (eg, cache/memory boards), 
a bus arbiter, and interrupt-handling circuitry. A mas- 
ter initiates a data transfer to a slave by requesting 
control of the data bus from the bus arbiter. Once bus 
control has been granted to a master, the master and 
slave exchange control signals according to predefined 
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protocols that guarantee an orderly transfer of data 
between the communicating modules. The interrupt- 
handling circuitry services all interrupt requests. 

By using the streamlined design in Fig 1, you can 
implement most intermodule communication ina VME 
Bus-based system by using just two types of VLSI 
devices: the Am29PL141 fuse-programmable device 
and the AmPAL22V10 programmable-logic device. For 
the remainder of the bus-control functions, you'll need 
some bus-arbitration circuitry, which must occupy a 
particular slot on the VME Bus backplane, but which 
can reside on the same board with the bus master of 
highest priority. 


When you design VME Bus control into your system, 


PROCESSOR 
MASTER 1 


PROCESSOR 


BUS 
MASTER 2 ARBITER 


F 
ADDRESS/DATA p 
REGISTER . 


VME BUS 


F 
ADDRESS/DATA 2 
REGISTER C 


Fig 1—You can implement VME Bus control in a computer system 
by using just a few fuse-programmable controllers (FPCs) and 
programmable-logic devices. 
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You can implement VME Bus control in 
your computer system by embedding the 
bus-control functions in state machines that 
comply with the VME Bus protocol. 


your first step is to consider the VME Bus protocols. 
These protocols specify the steps your circuitry must 
take to perform any bus-related operation, such as the 
transfer of data between two modules. You can describe 
these protocols by means of flow diagrams that show 
how the various interface signals reflect the interac- 
tions between the communicating modules. Fig 2, for 
example, shows how the priority bus arbiter resolves 
simultaneous bus requests from two modules that use 
the same request line. 

Next, you analyze the flow diagrams to pick out the 
functions that can be incorporated into FPCs or PLDs, 
and you define state machines for those functions. You 
can describe the state machines abstractly, by Boolean 
logic equations, or diagrammatically, by means of 
standard flow-chart symbols (eg, rectangles to repre- 
Sent processes and diamonds to represent control-flow 
decisions). Finally, you must write programs for the 
state machines in a high-level or assembly language. 
You repeat this process to design each of the four main 
types of VME Bus controllers: bus arbiters, masters, 
slaves, and interrupt handlers. 

Before any master module can perform a data trans- 
fer, it must request control of the data bus from the bus 
arbiter; the arbiter must check to see whether the bus 
is free and must resolve any contention between two 
masters of equal priority. For example, consider a 
priority-option bus arbiter implemented on a single 
PLD. The arbiter will monitor the four bus-request 
lines (BRo3) and assign the highest priority to BR3. 

As the flow diagram (Fig 2) shows, the arbiter 
grants the bus to the requesting module that’s using 
the highest active request line, which is BR, in this 
example. To enable your bus arbiter to resolve simulta- 
neous bus requests from two or more modules that use 
the same request line, you must daisy-chain the associ- 
ated bus-grant signal to all the devices using that 
request line. Therefore, the arbiter must be in the first 
slot of the VME Bus system. The module that’s closest 
to the bus arbiter will have the highest priority: If it 
requests the bus, it will receive the bus grant and lock 
out any modules farther down the chain (Listing 1). 
The AND/OR array of the PLD processes all bus 
requests in parallel, so that priority arbitration is 
complete in only one clock cycle. 


Priority arbitration options 


Sometimes, the arbiter must force the current bus 
master to relinquish control of the bus; this situation 
occurs, for example, when a bus master of higher 
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_ : " BGSIN are active low 
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_ BGHIN : 1 | 


oe (MASTERIY oT 0) 
___ END; - 


priority initiates a bus request. The arbiter examines 
the priorities of both the current bus master and the 
new requester. If these conditions meet the predefined 
bus-clear conditions, the arbiter asserts the bus-clear 
signal (BCLR). | 

In the design in Fig 1, the bus arbiter keeps track of 
the current bus master’s priority by recording the 
bus-request line that was used to gain control of the 
bus. For example, if the current bus master used BR; to 
gain control of the bus, it sets two output registers 
called Bus_Master to the binary value 2. Either of the 
two following conditions will activate BCLR: 

@ The value in Bus_Master is 2, 1, or 0 and the 

active bus request line is 3 or 2. 

@ The value in Bus_Master is 0, and any bus- 

request line is active. 

When the value in Bus_Master is 3, the arbiter will 
not honor any bus requests until the Bus Busy line 
(BBSY) is high. Listing 2 gives the logical expression of 
these conditions. Once having asserted BCLR, the 
arbiter holds this line in the active state until the 
current bus master releases BBSY. 

Be sure to define. the BCLR in such a way that 
uninterruptible devices can use bus-request line 38, 
which has the highest priority. Devices that temporari- 
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Fig 2—Flow diagrams help you define the VME Bus protocols. This flow diagram illustrates how the bus arbiter chooses between requesters 


that have the same priority level. 
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Fig 3—You can implement the requester logic for a master module 
in an FPC. The FPC handles all bus-acquisition and data-transfer 
protocols. 


ly can be suspended to accommodate interrupts and 
higher-priority operations should be assigned to bus- 
request line 0. The BCLR conditions will vary with 
your application, but you can modify them just by 
redefining the high-level logic expressions. 


Master modules 


The master modules of VME Bus systems initiate all 
data transfers over the bus. A system can have one 
master (the CPU unit) or several (multiple processors, 
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DMA controllers). A master module must control the 
bus before it can perform any data transfers. Most of 
the bus-control logic resides in the requester section of 
the module; this section handles bus acquisition and 
communication with other master or slave devices in 
the system. 

You can microprogram all the requester functions 
into a single FPC, which serves as the interface be- 
tween the master device and the VME Bus (Fig 3). The 
F'PC’s microprogram handles the bus-acquisition proto- 
col. Upon receiving the bus-grant signal from the 
arbiter, the microprogram informs the master device 
that it has control of the bus and may initiate a data 
transfer. After completing the transfer, the master 
device releases the bus-request signal, thus causing the 
FPC to free the bus by releasing the BBSY signal. The 
FPC may also relinquish control of the bus at the 
request of the bus arbiter. 

In designing your application, you need to extract the 
bus-acquisition phase of the requester from the flow 
diagram in Fig 2 and translate this information into a 
state diagram (Fig 4), from which you must write the 
corresponding FPC assembler source code. Listing 3 
gives an example of this code. 


FPC-controlled data transfers 


Once a master module becomes the bus master (that 
is, once it gains control of the bus), it can begin 
transferring data to a slave module. A data-transfer 
flow diagram (Fig 5) shows the necessary handshaking 
signals for transferring 32-bit data between master and 
slave. The state diagram for the master module’s FPC 
(Fig 4) combines the bus-acquisition (requester) and 
data-transfer-control functions of the master module. 
An FPC assembler (which the manufacturer of the FPC 
provides) simplifies the task of microprogramming this 
state machine into an FPC. 


Handling unanswered data-transfer requests 


To prevent bus lockups, which malfunctioning slave 
devices may cause, you should implement a bus-time- 
out (BTOn) option in the master module by writing a 
microcode routine that uses the 6-bit counter in the 
master’s F'PC. (Listing 4 gives an example of such a 
routine.) The bus-time-out option permits a bus master 
to abort a data-transfer cycle if the slave does not 
respond within n microseconds. 

At the start of every data-transfer operation, the 
FPC microprogram loads a value into the 6-bit counter, 
tests for the data-transfer acknowledge signal 
(DTACK), decrements the counter and tests it for zero, 
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The bus-time-out option permits a bus 
master to abort a data-transfer cycle if a 
slave does not respond within a specified 
time. 


SLAVE MODULE 


MASTER MODULE 


ADDRESS THE SLAVE 


PRESENT ADDRESS 

PRESENT ADDRESS MODIFIER 
DRIVE LWORD LOW 

DRIVE IACK HIGH 


DRIVE AS LOW 
SPECIFY DATA DIRECTION PROCESS ADDRESS 


DRIVE WRITE LOW RECEIVE ADDRESS 
RECEIVE ADDRESS MODIFIER 
RECEIVE LWORD LOW 
RECEIVE IACK HIGH 
RECEIVE AS LOW 
IF ADDRESS IS VALID 

FOR THIS SLAVE 


SPECIFY DATA WIDTH 


WAIT UNTIL DTACK HIGH AND 
BERR HIGH (INDICATES 
THAT PREVIOUS SLAVE IS THEN GENERATE DEVICE SELECT 


NO LONGER DRIVING DATA BUS) ELSE TAKE NO FURTHER ACTION 


DRIVE DSo.; LOW 


STORE DATA 


RECEIVE WRITE LOW 

RECEIVE DS; LOW 

RECEIVE DSp LOW 

LATCH DATA FROM DATA 
LINES DOp.3; 

WRITE DATA INTO 
SELECTED DEVICE 


,RESPOND TO MASTER 
DRIVE DTACK LOW 


TERMINATE CYCLE 


RECEIVE DTACK LOW 

IF LAST CYCLE THEN 
RELEASE ADDRESS AND 
ADDRESS MODIFIER LINES 
RELEASE DATA LINES 
RELEASE LWORD 
RELEASE IACK 

DRIVE DSo.1 HIGH 

DRIVE AS HIGH 


FOR SIMPLICITY, THE ASSUMPTION 
IS MADE THAT NO-TRANSFER 


| CAUSES A BUS ERROR 


ACKNOWLEDGE TERMINATION 


RECEIVE AS, DSo.; HIGH 
RELEASE DTACK 


END TERMINATION 


IF LAST CYCLE THEN 
RELEASE DSo.1 
RELEASE AS 


ELSE GO TO ADDRESS THE SLAVE 


Fig 5—This flow diagram shows the signals you’ll need to perform 
a 32-bit data transfer once a master has acquired control of the 
bus. 
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LISTING 4 


"Begin transfer : Bus time out loop contains instructions 1 and 
2. If count reg is loaded with 63 and FPC is running at 20 MHz, 
then total time before bus times out is (63+1)*2*50 ns . 

wait_loop: DSO + DS1 , if (DTACK = 0) then ey 

goto pl(transfer__complete) ; 

DSO + DS1 , while (creg < > 0) ed 
loop to pl(wait__loop) ; 

DSO + DS, if (creg = 0) then 
goto pli(bus__time__out) 


transfer_complete: "goto to this section if handshaking signal 
was received” 


bus__time__out: "execute this section when counter is 0” 
BTO__signal, "activate bus time out signal” 


and finally loops back to the instruction that tests 
DTACK. As soon as DTACK is detected, the program 
branches to the section of code that handles a normal 
data-transfer operation. 

If the counter value reaches zero, however, the 
microprogram must branch to a section of code that can 
handle situations in which data-transfer requests are 
not completed; such situations are, of course, entirely 
dependent on the user and the application. To calculate 
the time that will elapse before the program generates 
a bus-time-out signal, multiply the number of instruc- 
tions in the time-out loop by the system cycle time by 
the initial value (plus 1) that the program has loaded 
into the count register. EDN 
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TEKCLAD 


substrates perform other laminates fail. 


From the bottom of the hole... 


to the top of the pole. 


Wherever electronics are used—from 
down-hole instrumentation, in under the 
hood electronics, to high frequency com- 
munication systems—TEKCLAD sub- 
strates provide stability, economy and 
greater design potentials for a complete 
spectrum of high performance printed 
circuit applications. 

TEKCLAD specialty materials encour- 
age the designer to utilize transparent 
circuitry for back-lit graphics and panel 
displays. Their homogeneous and iso- 
tropic construction provide superior CAF 
(conductive anodic filament) resistant 
qualities. Improved resistance to humid- 
ity and other extremes of environmental 
exposure are inherent characteristics. 
TEKCLAD substrates and printed wiring 
boards are UL® Recognized. Additionally, 
TEKCLAD PWB’s have been MIL-spec 
tested. 
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ASICs optimize 


chip-select 


decoding 


Almost always, P-based systems require 
chip-select decoding circuitry. Unfortunate- 
ly, designers often overlook or underestimate 
the importance of such circuitry. If tmprop- 
erly designed, chip-select decoding ICs can 
create a bottleneck negating the perfor- 
mance possible when using the latest Ps 
and memory chips. 


David G Williams, Harris Semiconductor 


As manufacturers continue to make advances in semi- 
conductor technology, system speeds are increasing, 
and such fast speed capability makes it critical that you 


functions 


design chip-select decoding circuitry carefully in order 
to optimize system performance. Nowadays, you have 
access to traditional approaches as well as new methods 
of implementing the chip-select decoding function. 

Over the years, most designers have employed 74138 
and 74139 decoders to execute chip decoder circuitry in 
uP-based systems. When you take into consideration 
the additional decoding logic, jumpers, and address 
latches necessary for this type of design scheme, decod- 
ing circuitry typically accounts for 10 to 15% of the total 
circuitry contained on a single-board computer. This 
decoding circuitry includes the logic needed for select- 
ing PROM, RAM, and I/O-peripheral devices, as well as 
address recognition for bus-arbitration and wait-state- 
generation purposes. 

Fig 1 provides an example of a typical 16-bit »P 
system involving an industry-standard multiplexed ad- 
dress/data bus scheme along with applicable decoding 
circuitry for selecting one or more RAM devices. To 


DECODE LOGIC 
AND JUMPERS. 


cS 
(1 OF 4) 


GLOBAL 
MATCH 


Fig 1—To speed up the decoding process, the 74373 latches allow the address information to pass through to the decode circuitry before the 


latch control signal activates. 
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The discrete-logic approach to chip-select 
decoding has one major advantage—it al- 
lows you to trade high speed for low power. 


reduce pin-count requirements, 16-bit Ps commonly 
multiplex address and data information on a common 
pin—roughly 75% of the 16-bit wPs available today 
incorporate this feature. 


Transparent latches are advantageous 


The 74373 transparent latches function as demulti- 
plexers so you can use the address information to select 
the appropriate memory device. Transparent latches 
allow the address information to pass through to the 
decode circuitry before the latch control signal (ALE) 
activates. This passing through effectively speeds up 
the chip-select decoding process by transferring the 
address information to the decoder section so that it can 
get a head start on the next device selection. If glit- 
ching on the chip-select outputs while the ALE signal is 
active poses a problem, you can apply the same ALE 
signal (and/or other uP control signals) to the decode 
logic where they can function as a fast output-enable 
signal. 

Typically, the decode logic is a collection of AND 
gates, inverters, and jumpers that decode the higher- 
order address bits to locate the memory block that the 
74139 selects. The decode logic often provides a global- 
match signal to indicate that one (or two) of the chip 
selects from the 74139 will be active. You can use this 
information to activate circuitry that generates wait 
states if the selected memory block is slow. Generating 
the wait states allows you to slow down the wP’s bus 
cycle to match the speed of the selected memory device. 

Using discrete SSI or MSI logic to implement this 
type of decode circuitry has its advantages. For one 
thing, SSI and MSI logic devices are available from a 
number of vendors. Second, you have a number of logic 
technologies available that allow you to make speed/ 
power tradeoffs. You can, for example, use 74HCXX 
logic to reduce power consumption at the expense of 


IMIN MODE) ADDRESS/DATA BUS 74373 


ADDRESS 
LATCHES 


PROM 
ADDRESS BUS _ "DECODER 


speed. Conversely, you can choose 74FXX logic to 
increase speed at the expense of higher power consump- 
tion. 

The discrete-logic approach has some disadvantages, 
however. The major drawback is cost—a significant 
number of logic devices is necessary. Various industry 
sources estimate that you can reduce system cost by $1 
to $2 for each IC you can eliminate from the design. 
This estimate doesn’t include the price of the ICs 
themselves—it pertains only to the costs associated 
with board area, assembly, inspection, test, reworking, 
inventory, and failure rates associated with solder 
joints and interconnections. 

You might also incur a hidden cost penalty. The extra 
board-area requirements of the discrete logic approach 
might well require the use of a second board to satisfy 
system design goals. In this case, additional considera- 
tions such as a backplane, connectors, bus drivers, and 
system integration could cause the total system cost to 
far exceed $2 per IC. Fortunately, a reasonable way to 
make a system cost estimate exists: Take the total cost 
of a shippable board, subtract the cost of the ICs, and 
divide by the number of ICs on the board. 


Improve chip-select efficiency 


Many designers use PROMs to replace a lot of the 
logic gates and jumpers associated with the discrete 
design approach (Fig 2). Using PROMs effectively 
reduces component count and also improves the flexibil- 
ity of the chip-select outputs. 

A PROM can accommodate any asynchronous Boole- 
an transfer function that doesn’t exceed the constraint 
of the number of its inputs and outputs. Therefore, you 
can readily program it to provide mixed address-space 
decoding. You can, for example, use two outputs to 
select instruction memory (PROM), four others to se- 
lect data memory (RAM), another to select an I/O 
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Fig 2—Using PROMs for decoding allows you to replace many of the gates and jumpers associated with the discrete-logic approach. 
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The inside story 


The HPL-82C339, the first prod- 
uct in Harris’s PCSD (program- 
mable chip-select decoder) fami- 
ly, employs CMOS technology. 
Because the device doesn’t in- 
clude the extra circuitry associ- 
ated with general-purpose pro- 
grammable logic devices (PLDs), 
it specs propagation delays in 
the 20- to 25-nsec range and 
draws only microamps of supply 
current when idle; in an 8-MHz 
80C86 system, typical supply 
- eurrent is less than 2 mA. 
Several factors combine to 
lower a PCSD’s power require- 
ments. A PCSD features gated 
inputs, a CMOS circuit design 
that eliminates almost all de-cur- 
rent paths, and a novel architec- 
tural fuse link circuit that re- 
duces fuse current by orders of 
magnitude compared to previous 
techniques. Fig A shows a block 
diagram of the HPL-82C339. 
‘Housed in a 24-pin DIP, the 
-82C339 is TTL and CMOS com- 
patible, so you can use it in 


mixed-technology systems. Be- 
cause most of the -82C339’s in- 
puts feature transparent latches, 
it will interface directly with a 
multiplexed address/data bus. 
This capability effectively elimi- 
nates the need to use one or 
more discrete address-latch 
packages in a design, and it also 
eliminates the propagation delay 
associated with these external 
latches. In a nonmultiplexed sys- 
tem, such as one based on the 
68000 wP, you can simply tie the 
ALE input signal high and turn 
the on-chip latches into nonin- 
verting buffers. 

The -82C339 has nine pro- 
grammable inputs—those associ- 
ated with the LB, HB, and G; to 
G;. You can program each of 
these inputs to respond to either 
a high-true or low-true input 
level. Because a PCSD has a low 
number of fuse connections, it’s 
easy to program—in fact, you 
just need a power supply, toggle 


switches, and a one-shot. 
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SELECT 
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The part has no provision for 
mixed address space decoding 
because most applications group 
PROM, RAM, or mixed I/O in 
contiguous address blocks. A 
typical 80C86 system design 
might well use one PCSD to de- 
code RAM devices at the low 
end of memory, another to de- 
code PROMs at the high end of 
memory, and a third to control 
I/O devices. 

The SEL input—a nonlatching 
output-select signal that typical- 


_ ly operates 10 nsec faster than 


the address inputs—allows you 
to cascade PCSD devices with 
minimal degradation in operat- 
ing speed. It can also serve as 
an additional qualifying input to 
guarantee clean glitch-free out- 
puts during input address transi- 
tions. The low bank (LB) and 
high bank (HB) select inputs 
allow you to work with either an 
8- or 16-bit data bus with a 
one HPL-82C339. 
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Fig AOptmized for chip-select decoding fosks, the HPL-82C 339 features transparent input latches that allow you to interface « ut 
directly with a multiplexed address/data bus. 
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device, and the eighth output to signal an extended 
bus-cycle requirement. 

PROMs are readily available that match the speed 
attainable using the discrete logic approach. When you 
use PROMs instead of discrete logic to implement the 
decode function, however, you must pay some penalties. 
Fast PROMs usually consume considerable power. If 
you have a large address space to decode, you'll have to 
use a very expensive PROM. Given the trend toward 
ever-increasing address-space expansion, the cost of 
using PROMs becomes a very negative factor as far as 
implementing the decode function goes. Also, using a 
PROM for address decoding is inefficient because de- 
coding uses little of the PROM’s logic capability. 

The newer programmable logic devices provide a 
better solution to chip-select decoding. In Fig 3, the 
16L8 provides all the advantages offered by the PROM- 
based approach (minimal component-count and board- 
area requirements), and it overcomes several disadvan- 
tages inherent in the PROM implementation. 

First, you’ll find a number of PLDs available that are 


8086 P 
(MIN MODE) 74373 
ADDRESS 
LATCHES 


ADDRESS/DATA BUS 


disadvantages inherent in the PROM implementation. 


PROMS are available that allow you to 


match the decode speed attainable with the 


discrete-logic approach. 


as fast or faster than expensive, high-speed PROMs. 
Second, as the number of inputs increases, the size of a 
PLD goes up in a linear fashion, whereas a PROM 
experiences exponential growth. When you have to 
decode a wP that has a large address space, it’s more 
practical to add inputs to a PLD than a PROM. 

For example, you can expand the 16L8’s 10 dedicated 
inputs to 16 by merely programming the bidirectional 
outputs to function as inputs. PLDs with 24 pins (such 
as the 12L10) provide even more inputs and outputs 
without exacting any speed or cost penalties. You won’t 
find this to be the case when you go to a larger PROM. 

The PLD approach is also flexible: It offers the same 
speed/power tradeoff capability as the discrete logic 
approach. PLDs with 15-nsec propagation delays are 
available, as are CMOS devices that operate on cur- 
rents of only a few microamps. 

Using traditional PLDs for the chip-select decoding 
function does have some drawbacks nonetheless. Most 
existing PLDs are general-purpose units designed to 
operate in a wide range of applications. They incorpo- 
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Fig 3—Programmable logic provides an effective means of implementing the chip-select decoding task. The 16L8 array overcomes several 
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Fig 4—You can independently address high and low memory bytes in this decode scheme because the -82C339’s LB and HB inputs separately 


drive groups of four chip-select outputs. 
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Fig 5—You can develop a 3-to-8 decoder by tying the -82C339’s LB 
and HB inputs together and programming LB and HB for input true 
low and input true high, respectively. 


rate many features that aren’t required for chip-select 
decoding, and you usually end up using less than 20% of 
the total logic capability of a given part. For example, 
chip-select decoding normally requires only one product 
term per output, so extra product terms are redundant. 

In addition, chip-select decoding seldom uses such 
features as 3-state outputs, macrocells, and program- 
mable output polarity. This underutilization translates 
into lower speed, higher power consumption, and high- 
er cost as compared with a unit optimized for the 
chip-select function. You can, however, purchase appli- 
cation-specific programmable logic devices dedicated to 
chip-select decoding. 


Dedication improves performance 

Fig 4 illustrates one way to connect an HPL-82C339 
programmable chip-select decoder (trademarked 
“PCSD” by Harris) in an 80C86-based 16-bit data bus 
application. Because the LB and HB inputs separately 
drive groups of four chip-select outputs, the -82C339 
can independently address high and low (odd/even) 
bytes of memory, and it can also access them simultane- 
ously when the uP performs a 16-bit operation. In an 
80C86-based system, the BHE signal indicates a high- 
byte operation, and the Ay address line indicates a 
low-byte operation. Asserting both these signals simul- 
taneously initiates a 16-bit word operation. 

Tying the processor’s ALE signal to the -82C339’s 
ALE and SEL inputs allows you to demultiplex the 
address information and also inhibit the chip-select 
outputs between bus cycles. This output-disabling capa- 
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Because traditional PLDs are general-pur- 
pose components, using them for chip-select 
decoding proves inefficient. 


bility prevents glitches during the address transitions 
and reduces the select time of memory devices. This in 
turn reduces their power consumption. If you’re using 
synchronous memory devices (like the Harris 6516 or 
6616, for example), you can eliminate two address-latch 
ICs from the system design because the chip-select 
outputs of the HPL-82C339 can activate their on-chip 
address latches. 

The -82C339’s MATCH output provides a convenient 
means of controlling either bus arbitration or wait-state 
generation—functions that usually require address rec- 
ognition very early in the bus cycle for effective opera- 
tion. In an 8-MHz 80C86 system, the -82C339 can 
typically provide the MATCH output signal 100 nsec 
prior to an RD or WR signal assertion. This fast-decode 
feature allows you to use 74HCXX logic instead of the 
bipolar Schottky logic normally required for either the 
wait-state or bus-arbitration circuitry. 

You can also use the -82C339 in 8-bit systems (Fig 5). 
You can develop a 3-to-8 decoder by tying the LB and 
HB inputs together and programming the LB input 
true low and the HB input true high. If you assign the 
combined LB/HB input a C designation, you wind up 
with the traditional A, B, C input structure seen in a 
74138-type decoder. To further refine the decode pro- 
cess, you can use status or control signals (which 
Specify instructions) at the PCSD’s unused inputs in- 
stead of using data memory access commands. EDN 
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program deadlines. 

We're committed to your 
product’s success. 
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EDITED BY TARLTON FLEMING 


Circuit converts voltage ratio to frequency 


Bobirea Florin Daniel 
The Electronic Research Institute, 
Bucharest, Rumania 


The circuit of Fig 1 accepts two positive-voltage inputs 
Vy and Vp and provides a TTL-compatible output pulse 
train whose repetition rate is proportional to the ratio 
Vyn/Vp. Full-scale output frequency is about 100 Hz, 
and linearity error is below 0.5%. 

The output Fo equals KVy/Vp, where K=1/(4R2C;) 
and provided Ri:=R3. Op amp IC, alternately inte- 
grates Vy/2 and —Vy/2, producing a sawtooth output 
that ramps between the Vp level and ground. When 
transistor Q, is on, for example, IC;, integrates — Vy/2 


Ra 
100k 


100k 


ICia 


ICis 


ICic 


ICip 


until its output equals Vp. At that time, the ICip 
comparator switches low, causing IC,p’s bistable output 
to go low, which turns off Q:. ICi,’s output then ramps 
in the negative direction. When the output reaches OV, 
the IC;c comparator switches, Q,; turns on, and the cycle 
repeats. Transistor Q2 converts the IC,p output to 
TTL-compatible output logic levels. 

Setting Vp to 1.00V yields a linear V/F converter 
(Fo=KVy), and setting Vy to 1.00V yields a reciprocal 
V/F converter (Fo=K/Vp). EDN 
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15k 15k 


100k 
4.7k 


NOTES: 

1. IC; = LM339 

2. Qi, Q2 = BC172 
3. Dy, D2 = 1N4148 


Fig 1—This voltage-ratio/frequency converter produces a TTL-compatible output pulse train that equals KVy/Vp, where Vy and Vp are the 


inputs and K=4R.C,. Linearity error is less than 0.5%. 


EDN October 2, 1986 


203 


DESIGN IDEAS 


IC forms an edge-sensitive R-S flip-flop 


S Murugesan 
ISRO Satellite Ctr, Bangalore, India 


By using the edge-sensitive clock inputs of two conven- 
tional D-type flip-flops, you can create an R-S (reset- 
set) flip-flop whose reset and set inputs respond to logic 
transitions rather than logic levels. Some applications 
require this double-edged capability, but the function 
isn’t readily available in IC form. 

You cross-couple the flip-flops IC; and IC, (Fig 1) by 
connecting the outputs Q: and Q to the active-high 
reset inputs R2 and Ri, respectively. To clear the 
outputs, you pull the Clear input high. 


SET SO 


! 
ane 
ee 
CONTROL CO--—--@ 
om) 


RESET RO 
CLEAR O 


The set and reset inputs are positive-edge sensitive 
for a dual D-type flip-flop such as the 74S74, but adding 
the exclusive-OR gates gives you digital control over the 
edge (positive or negative) to which these inputs re- 
spond. If your flip-flops’ set and reset inputs are active 
low, connect R; to Qe, Re to Qi, and S, to 5V. You can 
also realize this double-edged function using J-K flip- 
flops by arranging to keep the J and K inputs at high 
and low levels, respectively. EDM 
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OUTPUTS 


Fig I1—Create an R-S flip-flop with edge-sensitive reset and set inputs by combining two conventional D-type Slip-flops as shown. 
ea ae gn Or eee Pee MRS | 


Voltage-supervisor IC provides uP reset 


Peter C Wheeler 

Texas Instruments, Nepean, Ontario, Canada 
and John P Wieczorek 

Rising Edge Technologies, Toronto, Ontario, 
Canada 


In Fig 1, a voltage-supervisor IC and associated compo- 
nents provide a watchdog function for a digital-proces- 
sor system by monitoring the processor’s memory- 
refresh pulses. The circuit will provide periodic resets 
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following loss of the refresh pulses. In addition, it will 
provide a reset pulse following power-up or following a 
momentary lapse in supply voltage. 

During normal operation, refresh pulses from the wP 
maintain a charge on C; that applies a logic 1 at RESIN. 
Consequently, Reset (pin 6) remains low. If the refresh 
pulses cease, however, R; will discharge C., causing 
Reset to go high, which recharges C, through Ds; and 
R. The capacitor Cy connected to pin 3 determines the 
reset pulse’s duration. 
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Facing a ‘‘make-or-buy”’ decision for wideband 


amplifiers in your latest design... whether to 
design, build and test in-house or purchase from 
an outside supplier? ‘‘Buy’’ is the viable decision 
now with Mini-Circuits’ stable, dc to 1OOOMHz 
monolithic amplifier for only 99 cents. 


The single-stage monolithic 12db gain MAR-1 
amplifier, housed in a tiny 0.085 in. diam. 4-pin 
package can deliver up to OdBm undistorted 
output and boasts a noise figure of only 5.5 dB. 
Due to its 50-ohm input and output design, 
individual MAR-1 amplifiers can easily be 
cascaded using coupling capacitors; each unit 
is unconditionally stable and thus free from 


dc to 1000 MHz 
Amplifier 


oscillation regardless of load impedance or even 
in the absence of a load. Return loss is typically 
less than 10dB (even out-of-band) and isolation 
is 20dB (typ). The MAR-1 requires 

7V dc, 20mA power input. 


The amplifier’s low cost, coupled with its extreme 
bandwidth, opens an enormous window for 
applications ranging from communications 
equipment to test and measurement setups, to 
industrial and commercial gear. 


The MAR-1 is priced at 99 cents each in 100 quantity, 


with lower prices for larger volume orders (check 
factory); units are available for immediate delivery. 


finding new ways... 


setting higher 
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(7! Mini-Circuits 


P.O. Box 166, OE New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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If the ~P doesn’t respond to Reset by reinstating 
refresh pulses, Cz will repeatedly discharge through R; 
and generate a sequence of resets. The interval tz (Fig 
2) depends on the value of R»; lower values allow a 
higher charge on Cs, resulting in more time between 
reset pulses. The circuit values in Fig 1 produce resets 


at a 15-Hz rate, based on 10-ysec refresh pulses at a 
100-Hz rate. (The R2C: charge time should be short 
compared to the interval between refresh pulses.) EDN 
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1N4148 


Re 
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Dy 
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Fig 1—This watchdog circuit generates reset pulses upon loss of memory-refresh pulses from the processor. It also provides a reset following 


power-up or a momentary loss of supply voltage. 


Vec INPUT, 
PIN 7 


INPUT FROM 
uP REFRESH 


RESET OUTPUT, 
PIN 6 


START-UP RESET 
NOTES: 


1. Vsense IS TYPICALLY 4.75V FOR THE TL7705. 

2. Va IS TYPICALLY 2.5V. 

3. tp RESET PULSE WIDTH IS ABOUT 38 mSEC. 

4. tg DELAY BETWEEN RESET PULSES IS ABOUT 28 mSEC. 


SUPPLY-DIP 
RESET 


REPEATED RESETS 
CAUSED BY 
FAILED REFRESH 


Fig 2—This timing diagram illustrates the three conditions for which Fig I’s circuit provides reset pulses. 
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Low-cost regulator converts V* to —5V 


Ron Lashley 
ITT Courier, Phoenix, AZ 


The power-supply circuit in Fig 1a converts a 12 to 15V 
positive supply voltage to —5.2V and delivers 0 to 50 
mA. The parts only cost about $1.25. You should add a 
preregulator circuit (Fig 1b) when using an unreg- 
ulated 15V supply. 

During operation, the 555 timer’s frequency varies 
with load current. The resulting positive output pulses 
(pin 3) have a varying repetition rate but a relatively 
constant duration. Each pulse turns on Q; and rapidly 
charges capacitor C,. When pin 3 pulls the plus side of 
C, low, the charge on C, transfers to C3. 

Load and line regulation are about 1.5%. C; charges 
through R, while pin 3 is high; pin 3 goes low when pin 6 
reaches its %Vcc threshold. C, then discharges through 
Rs, Qe, and the IC’s open-collector discharge transistor 
at pin 7. Transistor Q>, stays off as long as the negative 


12 TO 15V 
2 


Qe 


2N3904 


(a) 


UNREGULATEDQ 


15.0V 
1N5245B 


output voltage is large enough to turn on the 6.0V zener 
diode D;. When load current discharges C3 enough to 
turn off D;, Q2 turns on and begins another discharge of 
C,. The resulting output ripple is about 100 mV. Unless 
load current is light, ripple frequency is above the audio 
range; nonetheless, even if load current varies, ripple is 
inaudible because no chokes or transformers are 
present. 

The output voltage increases slightly with tempera- 
ture. You can generate a more negative output voltage 
by choosing a higher-voltage zener diode, but diode 
losses limit the output voltage maximum to about —8V 
at low output current. IC, should not operate above 
15V, especially at full load. If necessary, you can limit 
the supply voltage by using the preregulator shown in 
Fig 1b. EDN 
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D3 
1N4448 


D2 
1N5819 


Ds 
6.0V 
1N5233B 


NOTE: 
RESISTORS ARE %W, 5%. 


Fig 1—This converter produces —5.2V from a 12 to 15V supply (a). To ensure that the IC doesn’t operate above 15V, you might have to use a 


preregulator (b). 
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Now you can do 11 hours of Rad-Hard 
ASIC Standard Cell design 


in only 


30 minutes. And the price is right! 


New Harris HD/ Mentor Graph- 
ics Software lets designers of 
fees = yad-hard ASICs accomplish a lot 
more on their Mentor Graphics workstation, in 
less time. Explore more design alternatives. 
Analyze them. Eliminate design compromises. 
Easily. Result: products and systems which 
work better because they’re designed better. 

Free Harris HD/Mentor Graphics Software is 
your key to our High Density Rad-Hard CMOS 
Standard Cell Library: 100 proven SSI and MSI 
elements with 2.5-micron design, guaranteed 
to the radiation level you need. 


FOR YOUR INFORMATION, 
OUR NAME IS \ 


HARRIS 


Harris has the ASIC design software. 


128-Bit Prime Number Generator 6600 Gate Design/ Apollo DN 460 
Competitor's Harris’ Improvement 
Gate-Level Models | Behavioral Models Factor 
Full Library Size ; 
{Disk Space} 7 Mbytes 7.0 Times 


3.0 Times 
{Disk nota 6 Mbytes 1.2 Mbytes 5.0 Times 
Simulator 
Simulator Run Time 
Modification 5 hours, 19 mi 
Turnaround Time 33 min. —_- 


3.1 Times 


28.6 Times 


17.7 Times 


Design support also available on Daisy™ and SDA workstations. 


For more information contact Harris/ MHS 
Semiconductor Sales Ltd., Eskdale Road, 
Winnersh, Wokingham, Berks, RG11 5TR, 
England. 


LORE IO 


IELTS CRE TT SIE 


“You've finished another 
rad-hard ASIC design? 
How do you do it so fast?” 


Harris Semiconductor: Analog - CMOS Digital 
Gallium Arsenide - Semicustom - Custom 


Gg HARRIS 
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“Superior software’ 
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Dynamically map the 68008 wP’s memory 


Rodney E Wood 
Interac, Woodland Hills, CA 


A memory-mapping circuit (Fig 1) can increase a 68008 
wP’s available RAM and I/O space. Like all 68000 
Series wPs, the 68008 uses the lowest 1024 bytes of its 
memory space for an exception-vector table. This area 
is normally a RAM space for storage of dynamic excep- 
tion vectors that are alterable as needed for various 
applications and diagnostics. However, the processor 
also uses the two long words residing in the two lowest 
memory locations to load the supervisor stack pointer 
(SSP) and the reset vector. Both must reside in nonvol- 
atile memory. 


NOTE: 
ALL PARTS ARE 74LS TYPES OR FASTER. 


During a cold (external) start, the processor fetches 
the first four bytes (address 00000yrx to 00003yEx) and 
places that value in the SSP. Then it fetches the next 
four bytes (00004yrx to 00007yEx) and places that value 
in the program counter. Execution then continues at 
the address found in the program counter. 

To accommodate this irregular use of memory, some 
designers count the number of address accesses follow- 
ing a reset, or they permanently map the first eight 
bytes of ROM into the lowest address space. These 
schemes require many external TTL packages, and 
they waste board and address space as well. But when 
you dynamically map the address space—lowest ad- 
dresses for RAM, highest for I/O, and the ones immedi- 


SSP DCB.L 1, 00000700,,-, ; THIS HEXADECIMAL LOCATION IS THE FIRST LONG WORD IN ROM AND STACK POINTER. 
RSTV DCB.L 1, FFFC0008y¢,; THIS HEXADECIMAL LOCATION IS THE RESET VECTOR. IT POINTS TO THE THIRD 

; LONG WORD IN THE ROM. THE VALUE MAY BE SET 

; ACCORDING TO THE MEMORY DECODE USED AND THE ROM 

; SIZE, BUT THIS VALUE WILL WORK WITH THE DECODE 

; SHOW IN FIG 1, AND ANY SIZE ROM. 


RESET PROGRAM 
; {LOCATED AT FFFC008,,-, OR EQUIVALENT IN ROM} 
JSR SETEXEPTABL ; THIS HEXADECIMAL LOCATION IS AT THE THIRD LONG WORD IN THE ROM AND MAY 
; HAVE ANY INSTRUCTION HERE. THIS EXAMPLE SETS UP THE 
; EXCEPTION VECTOR TABLE (A TYPICAL ROUTINE). 
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HERE NOW: 


Available from stock, no waiting...80C86 and 80C88 micro- 
processors and a full family of CMOS peripherals in industry- 
standard dual-in-line (DIP) and leadless chip carrier (LCC) 
packages. All built with low-power static CMOS technology. 
And you'll get a great performance from every member 
of the cast. Guaranteed. Four low-power modes. Operation 
from DC to 8 MHz, over a wide temperature range. And a 
95-percent reduction in power over older NMOS designs. 


ADDED ATTRACTIONS: 

For the first time, the 80C86/88 family of CMOS micro- 
processors and peripherals is now appearing in PLCCs 
(plastic leaded chip carriers). You'll see the same low-power 
performance starring in a new high-density package. 

With both LCCs and PLCCs, Harris now offers a surface- 
mount double feature to let you reduce system size and weight 
by more than 50 percent. 

And this new line-up gives you Harris surface-mount op- 
tions in microprocessor, memory, telecom, linear, data acquisi- 
tion and semicustom products. 

Looking for a good show in surface-mount packaging? Give 
us an audition. Contact: Harris/ MHS Semiconductor Sales 
Ltd., Eskdale Road, Winnersh, Wokingham, Berks, RGI1 5TR, 
England. 


80C86: 16-Bit Static CPU 
80C88: 8/16-Bit Static CPU 


| 82C88: Bas Controller 
82C37A: DMA Controller 


82C50A: Serial Datacomm 82C84A: Clock Generator 
82C52: Programmable UART 82C82 /82C83H: Data Bus Latch 
82C54: Timer/Counter 82C55A: Parallel 1/O 


82C59A: Interrupt Controller 82C86H/82C87H: Data Bus 
82C85: Static Clock Controller Transceivers 


“Don't you feel Harris 


FOR YOUR INFORMATION, Fim 


“No. They're already known 
for their low profile” 


OUR NAME JIS 


HARRIS -*® 


Harris Semiconductor: Analog - CMOS Digital 
Gallium Arsenide - Semicustom - Custom 


iG HARRIS 
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Design Entry Blank 


$75 Cash Award for all entries selected by editors. 
An additional $100 Cash Award for winning design 
each issue, determined by vote of readers. Addition- 
al $1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor 
EDN 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my entry for 
EDN’s Design Ideas program. 


Name 


Title Phone 


Company 
Division (if any) 
Street 


City Slates 2S 


Design Title 


Home Address 


Social Security No 


Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, 
must be original with author(s), must not have been 
previously published (limited-distribution house 
organs excepted), and must have been constructed 
and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or 
editor gives written permission for publication else- 
where. 

In submitting my entry, | agree to abide by the 
rules of the Design Ideas Program. 


Signed 
Date 


Your vote determines this issue’s winner. All designs 
published win $75 cash. All issue winners receive an 
additional $100 and become eligible for the annual 
$1500 Grand Prize. 

Vote now, by circling the appropriate number on 
the reader inquiry card. 

Submit your own design, too. Mail entries to De- 
sign Ideas Editor, EDN, 275 Washington St, Newton, 
MA 02158. 


ately below the I/O for ROM—your 68008 yP can access 
more I/O and RAM than an IBM PC. The mapping 
circuit of Fig 1, along with an appropriate decoding 
scheme, offers four advantages: 

@ ROM resides in the lowest area of memory only 
for a cold reset such as power-up; you may substi- 
tute the warm restart vector and stack pointer for 
the cold vector and pointer. 

@ The 786,432 bytes (750k bytes) of RAM are organ- 
ized as three banks of 256k bytes—convenient for 
three 256k-byte chips. By comparison, a typical 
PC includes 655,360 bytes (640k bytes) of RAM. 

@ The circuit uses only one-half of each of the three 
dual TTL packages. 

@ You can use the 68008’s short addressing mode 
because the I/O resides in the topmost address 
space. 

The two NAND gates in Fig 1 form a reset-set 
flip-flop. The RST output from a standard cold-reset 
circuit connects to pin 1 of the flip-flop, and upon 
assertion it causes the flip-flop’s output (pin 3) to go 
high. This high level applied to the exclusive-OR gates 
ICz, and IC2, negates (inverts) the address lines A19 
and A18. As a result, the 2-to-4 multiplexer IC; decodes 
in reverse, temporarily placing ROM in the RAMO 
space, which allows the processor to fetch the first two 
long words from memory. 

The reset vector must point to a location in the upper 
quarter section of memory where the RAM temporarily 
resides. Then, the program’s first instruction fetch is 
decoded into RAMO space, which asserts the RAMO 
signal at pin 5 of the flip-flop. This assertion causes pin 
3 to go low, which returns the exclusive-OR gates to a 
noninverting mode. Address signals A19 and A18 then 
appear at pins 2 and 8 of IC3, which re-decodes into 
ROM space, and the system executes the first program 
step in ROM. This re-decoding requires 53 nsec (87 nsec 
max), so 350-nsec ROMs or EPROMs are adequate at 8 
MHz, without wait states. 

Note that the ROM must be mapped into the lowest 
address space of the upper quarter of memory, and the 
reset vector must point to an area in the upper quarter 
of the usable address space (Listing 1). If desired, you 
can use incomplete decoding to place ROM in other 
memory areas as well. And, you can use a circuit similar 
to that of Fig 1 with the larger address space of a 68000, 
68010, or 68020 wP because each resets in a manner 
similar to the 68008. For example, to set the SSP and 
reset vector in a 68008 system (Fig 1), you should use 
code similar to that depicted in Listing 1, which resides 
in the lowest section of start-up ROM. EDN 
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Use our 16K RAMs with 6-T cell 
to upgrade your CMOS 
memory system reliability! 


EDN October 2, 1986 


If it ain't broke, don't fix it! That’s normally good advice. But 
what if your CMOS memory system is subjected to harsh en- 
vironments — such as on the battlefield, or in space flight — 
where you can't fix it? You'd better design-in extra reliability, 
right up front. 

Here’s one way: Harris 16K Static CMOS RAMs feature an 
all-CMOS 6-transistor cell. It gives uniquely high performance 
that no 4-T device can match: more power supply current 
stability, more inherent radiation resistance, more data pro- 
tection. And much more value! 

You have a choice of options, too. Our high-speed HM-65162 
is available in production quantities now, in standard 24-pin 
DIP or 32-pad LCC packages. Or you can select the low power 
of our synchronous HM-6516, or the sensational speed of our 
HM-65262. 

All have guaranteed performance over the full military 
temperature range, plus the low-power benefits of 6-T, full- 
CMOS technology. 

Improve your memory — for data sheets and engineering 
samples, contact: Harris/ MHS Semiconductor Sales Ltd., 
Eskdale Road, Winnersh, Wokingham, Berks, RG11 5TR, 
England. 

Don't forget! 


FOR YOUR INFORMATION, 
OUR NAME IS 


HARRIS 


Harris Semiconductor: Analog - CMOS Digital 
Gallium Arsenide - Semicustom - Custom 


Gq? HARRIS 


See Us At Electronica, Hall 19 Stand 19A5 
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NEW PRODUCTS 


COMPUTER-AIDED ENGINEERING 


GATE-ARRAY DESIGN 


@ Allows you to use any of four 
design-entry methods 

®@ Converts finished design to 
schematic 


Using the Dash-Semicustom Devel- 
opment System, you can specify 
gate arrays with Boolean equations, 
truth tables, state diagrams, or 
schematics. Once you have entered 
your design, the system’s library of 
building tools, logic synthesis, and 
simulation capability provide a veri- 
fied and functioning design. After 
logic verification, the system uses a 
logic-synthesis algorithm to mini- 
mize the number of gates required 
to implement the design. The soft- 
ware then factors the design to fit 
your target device. The package 
then converts the reduced design to 
a Dash schematic (using JEDEC- 
standard gate-array macrocells). 
You can partition parts of the design 
into a set of PLDs, which you can 
program with JEDEC-format load 
files available from the system. 
Using these PLDs, you can supple- 
ment your logic simulation with a 
breadboard implementation of your 
design. The package runs on an 
IBM PC/AT; it also includes the 
Dash-4 schematic editor; the Dash- 
Cadat-Plus logic and fault simula- 


tor; and design kits that provide 
foundry-specific symbol libraries, 
foundry-specific simulation librar- 
ies, foundry net-list translators, and 
worst-case analysis software. 


Bekcncls Bow, Cowen, CORRE GSS: Tag TORR. Susy gg 
Reh athe 3: 5 Heid BORE BR ge 


$24,995. 

FutureNet Corp, 9310 Topanga 
Canyon Blvd, Chatsworth, CA 
91311. Phone (818) 700-0691. 
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CAE WORKSTATIONS 


®@ 68020-based series with one or two 
graphics stations each 

®@ Feature Unix operating system 
and Ethernet 


The Scaldsystem ST Series is based 
on the 68020 pP. The workstations 
feature 19-in. monochrome or color 
monitors, the Unix operating sys- 
tem, and Ethernet LANs. Each 
workstation can have one or two 
graphics terminals. All of the com- 
pany’s digital and analog CAE de- 


sign and validation tools run on 
these machines. The basic system 
includes 4M bytes of RAM, expand- 
able to 12M bytes, and a 170M-byte 
hard disk, expandable to 340M 
bytes. It’s compatible with the com- 
pany’s hardware-modeling system, 
simulation accelerator, and system- 
level simulation system. Three con- 
figurations are available: The Logic 
Designer ST, the Validation Design- 
er ST, and the Analog Designer ST. 
The Logic Designer ST provides 
schematic capture and net-list gen- 


EDN October 2, 1986 


EDN October 2, 1986 


Maybe someday, 
all CAE systems 
will do this. 


Smoke Alarm 
—elimination 
of problems 
caused by 
overstressed 
circuits. 


Statistical 
Analysis— 
accurate 
predictions of 
manufacturing 
yield. 


ae Instrument: Oscilloscope 


Power Design 
—total element 
simulation for the 
power-electronics 
designer. 


does NOW. 


The Analog Workbench.” the CAE system 
conceived exclusively for analog circuit design— 
by analog designers—now has three new, inter- 
active, integrated analog design tools that make 
it possible for you to determine safe operating 
conditions and improve circuit reliability and man- 
ufacturing yield before you build any hardware, 
and to design analog power electronics—all with 
the speed and precision of CAE. All three mod- 
ules are unique to the Analog Workbench, all 
three were created exclusively for the analog 
designer, and you already know how to use them. 


Determine safe operating conditions. 
Our Smoke Alarm™ module allows you to deter- 
mine safe operating conditions for your design— 
effectively eliminating problems caused by over- 
stressed circuits. It identifies marginal conditions 
based on peak (or average) power dissipation, 
voltage, current, and junction temperature. Sec- 
ondary breakdown effects for semiconductor 
devices and temperature effects of all compo- 
nents are used in the analyses. 


Predict manufacturing yield. Our Statistical 
Analysis Module simulates the effects of compo- 
nent parameter tolerances on the performance 
of the circuit being designed. This makes It pos- 
sible to predict a circuit's manufacturing yield 
and directly reduce production costs. With this 
module you eliminate costly, time-consuming 
changes at the prototype and production stages. 


Design power electronics. Our Power 
Design Module simulates the elements of a 
power system. It includes an advanced nonlinear 
magnetics model with hysteresis and core satu- 
ration effects, a library of core elements created 
specifically for the magnetics model, and a library 
of power devices, including semiconductor and 
controller IC models for switching-mode power 
supply design. 


Now, more than ever, the Analog Workbench 
has the tools you need to create quality circuit 
designs—the first time. And they're the tools you 
already know how to use—Analog Design Tools” 


Contact us today for our 
new full-color brochure—and 
ask about our product-dem- 
onstration video tape. Analog 
Design Tools, Inc. , 66 Willow 
Place, Menlo Park, California 
94025 (415) 328-0780. 


Analog Design Tools, Analog Workbench and 
Smoke Alarm are trademarks of Analog Design Tools, Inc. 
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ave them in both DIL 
aving SO-package, nowa 


extensive European organisation, 
ips HCMOS is on-hand wherever 
Don’t look overseas for your 

HCMOS needs; save time and come to 
__ So, plug our pin and function- 
compatible 74HCT ICs straight 
into your LSTTL sockets 
without a redesign! © 

_ True LSTTL compatibility 
with dramatically reduced 
power consumption. Without 
sacrificing system speed, and ‘ 
at the right price. P 

Using MOS already? ~~ 

Then look at our 74 HCT for 
TT Level CMOS and NMOS systems, 
or our 74HC for all-CMOS systems. 


NO. OF ICs 


Save board space. Our SO-versions are up to 65% 
smaller than comparable DILs, and are up to 10 
times lighter. 


Or, design-in HCMOS and enjoy 
all of its benefits. Like freedom from latch- 
up and high reliability (5 FITs). Noise im- 
munity critical? Then think about 74HC. 

Space and cost conscious? Then 
use SO-versions and benefit from Surface- 


Mounted Device (SMD) technology. 


Australia: Artarmon, Tel. (02) 4393322. Austria: Wien, 
Tel. 629111. Belgium: Bruxelles, Tel. (02) 2427400. 
Brazil: Sao Paulo, Tel. (011) 211-2600. Denmark: 
Copenhagen, Tel. (01) 541133. Finland: Helsinki, Tel. 
17271. France: Paris, Tel. (1) 433 88000. Germany: 
Hamburg, Tel. (040) 3296-0. Greece: Athens, Tel. (1) 
9215311. Hong Kong: Kwai Chung, Tel. (0) - 245121. 


RCA is an alternate source for Philips HCMOS ICs. 


Electronic 
components 
and materials 


orld standard. Available through 


Sey 


Ten years as European leader with the 
HE4000B family has taught us a thing or 
two. About quality. And about design. 
Our patented HCMOS input structure, 
for example, makes it possible for us to 
produce 74HC (CMOS input levels) or 
74HCT (TTL input levels) with a 

single mask change. So the whole type 
range is available in both versions. 


Need samples or data? Then call 


your local Philips organisation (see below). 


We're ready with full technical support 
and documentation. Plus a Designer’s 
Guide, set to become the standard for 
designing with HCMOS. 


Agee @ The name is Philips 
Hcmes The product is HCMOS 


India: Bombay, Tel. (22) 4930311. Ireland: Dublin, 

Tel. 693355. Italy: Milano, Tel. 2-6752.1. Japan: Tokyo, 
Tel. (03) 230-1521. Korea (Republic of): 

Seoul, Tel. (2) 794.5011. Netherlands: Eindhoven, 


Tel. (040) 793333. Norway: Oslo, Tel. 680200. Singapore: 


Singapore, Tel. 3502000. Spain: Barcelona, Tel. 3016312. 
Sweden: Stockholm, Tel. (08) 7821000. 
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At Philips, we know about CMOS. 


Switzerland: Zirich, Tel. (01) 4882211. Taiwan: Taipei, 
Tel. (02) 7120500. United Kingdom: London, 

Tel. (01) 5806633. United States: Sunnyvale, 

Tel. (408) 991 2000. For countries not listed contact: 
Philips Electronic Components and Materials Division 
9600 MD Eindhoven, The Netherlands. 

Tix. 35000 PHTC/NL JEVHK. 


PHILIPS 
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eration. In addition to these capabil- 
ities, the Validation Designer ST 
offers timing analysis and logic sim- 
ulation. The Analog Designer ST 
includes analog-design software 
tools. A single-station Logic De- 
signer ST with a monochrome dis- 
play, $40,775; with a color display, 
$44,750; with two monochrome sta- 
tions, $49,775; single-station Valida- 
tion Designer ST with monochrome 
display, $52,450; with color display, 
$56,450; Analog Designer ST, 
$64,725. 

Valid Logic Systems Inc, 2820 
Orchard Pkwy, San Jose, CA 95134. 
Phone (408) 945-9400. TLX 3719004. 
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CAE PROCESSOR 


e Integrates general-purpose and 
application-specific computers 

e@ Interprocessor-communications 
bus accelerates data transfer 


The Analysis Engine combines, in 
one box, this company’s application- 
specific bit-slice hardware accelera- 
tors, its general-purpose parallel- 
processing computer, system 
memory, and library files. The gen- 
eral-purpose engine accelerates de- 
sign compilation and Spice. The ap- 
plication-specific bit-slice processor 
accelerates such tasks as simulation 
and routing. An interprocessor com- 
munications bus links the different 
computers within the chassis and 
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accelerates the exchange of data 
among the computers inside the 
chassis. The system also contains a 
68020 wP and an Ethernet interface. 
It comes with 40M bytes of mass 
storage; 280M bytes of hard-disk 
storage is optional. The package 
also includes database-management 
software. This system provides as 
much as 65M bytes of dual-port 
RAM. A typical configuration that 
includes a hardware accelerator for 
simulation and a general-purpose 
processor for accelerating compila- 
tion costs $84,800; with the addition 
of a physical modeler, the system 
costs $127,900. 

Cadnetix Corp, 5757 Central 
Ave, Boulder, CO 80301. Phone 
(303) 444-8075. 
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DESIGN-RULE CHECKER 


e Finds pc-board layout errors 
@ Includes a net-list comparison 
function 


This design-rule checking postpro- 
cessor detects pc-board layout er- 
rors. It checks layouts created by 
the company’s Vanguard CAE/CAD 
system. The program identifies 
line-to-line, line-to-pad, and pad-to- 
pad spacing violations. You can 
specify different minimum spacings 
for each of these three types of 
spacing checks. The postprocessor 
also warns you about lines that are 
too narrow or too wide, or that end 
without connecting to a pin. To en- 
sure consistency between schemat- 
ics and pe-board layouts, the check- 
er compares schematic and layout 
net lists. You can view errors on 


GET THE 


ANALOG 
WORK- 


BENCH, 


Now, get the most advanced 
analog CAE workstation on your 
IBM® PC AT. FutureNet®’s new 
DASH™-Analog Workbench lets 
you optimize your design and 
improve circuit reliability before 
you commit to hardware. Use this 
complete analog tool set to reduce 
weeks of work to just a few hours. 


First, capture your circuit with 
speed and ease using DASH 
Schematic Designer. Then, simulate 
it with DASH-Analog Workbench 
using familiar interfaces like the 
test instruments you're used to — an 
oscilloscope, a frequency sweeper, 
a function generator and a network 
analyzer. Now you can breadboard 
your analog circuit in software 
before you build a hard prototype. 


The system uses a 10 MHz, 32-bit 
co-processor for computational 
speeds that rival a mainframe. Yet, 
with simple menus to guide you, 
it's easy to use. 


Call FutureNet today at 
1-818-700-0691 and get a powerful 
analog CAE system on your PC AT 
workstation. 


® |BM is a registered trademark of International 
Business Machines Corporation. 

TMAnalog Workbench is a trademark of Analog Design 
Tools, Inc. 


FutureNet 


A Data |1/O Company 
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your workstation’s screen. The pc- 
board layout system runs on IBM 
PCs, on MicroVAX and VAX com- 
puters, and on Sun workstations. 
For the PC, $500; for the Micro- 
VAX, $1000; for the VAX, $2000. 
Case Technology Inc, 633 Menlo 
Ave, Menlo Park, CA 94025. Phone 
(415) 322-4057. TLX 506513. 
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5-MIPS WORKSTATIONS 


@ Features a Fairchild Clipper 
processor 

e 6M bytes of main memory plus 
an 80M-byte hard-disk drive 


The core of the Interact 32C and the 
Interpro 32C workstations is the 
82-bit, 5-MIPS Fairchild Clipper 
uP. Each workstation provides 6M 
bytes of main memory, an 80M-byte 
hard-disk drive, and a 1.2M-byte 
floppy-disk drive. Other standard 
features include the Unix System V 
operating system and DEC VT 100/ 
220 terminal emulation. Available 
as options are compilers for C, Pas- 
eal, and Fortran; the PC-DOS oper- 
ating system; Interact terminal em- 
ulation; and Graphical Kernel 
System (GKS) routines. The compa- 
ny’s Network Core software and an 
Ethernet interface are also avail- 
able. The Interact 32C features two 
screens and a digitizing tablet. The 
Interpro 32C is a desktop worksta- 
tion that can include either a 15- or 
19-in. monitor. Monitors spec 
1184 x884-pixel resolutions and a 
60-Hz, noninterlaced display. The 
monitor can display 32 colors simul- 
taneously, from a palette of 4096. 
Interact 32C, from $40,000; Inter- 
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pro 82C, from $25,000. 

Intergraph Corp, 1 Madison In- 
dustrial Park, Huntsville, AL 
35807. Phone (205) 772-2000. TWX 
810-726-2180. 
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AUTOROUTER 


@ Features a router with gridless 
operation 

@ Routes as many as 20 pc-board 
layers simultaneously 


The CT2500 pc-board autorouter 
can accommodate fine-line layouts 
by changing its built-in grid. The 
autorouter allows traces to connect 
to vias along a route. It can route as 
many as 20 layers at once and create 
a more uniform layout. Forty-five- 
degree line routing also helps in- 
crease routing density. You can 
specify as many as six routing 
passes with varying restrictions on 
each pass. The parameters you can 
control include minimum clearance, 
number of vias per route, parallel 
line spacing, and time per route. 
You can also exclude areas of a de- 
sign from a route. For example, you 
can choose to route analog, digital, 
or surface-mount circuitry separate- 
ly. The package runs on IBM PCs, 
MicroVAXs, and VAXs; it uses 
Academi Systems Inc’s (Fremont, 
CA) routing algorithms. For the 
IBM PC, $5500; for the MicroVAX, 
$10,000; for the VAX, $15,000. 
Case Technology Inc, 633 Menlo 
Ave, Suite 250, Menlo Park, CA 
94025. Phone (415) 322-4057. TLX 
506513. 
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DESIGN AND TEST 


e Integrates design and test data 
@ Analyzes tester compatibility 


Test Development Series (TDS) 
software lets you integrate simula- 
tion data from CAE equipment with 
test data from ATE. The software 
translates your CAE simulation files 
into files that are compatible with 
your tester. The package also pro- 


GET 
ANALOG 
AND 
DIGITAL | 

CAE, 


FutureNet® has added the power 
of DASH™-Analog Workbench to 
its PC-based CAE workstation. With 
one set of compatible tools, you can 
now design, simulate and lay out 
any digital or analog circuit. 


Creating schematics for both analog 
and digital design is fast and easy 
with DASH Schematic Designer. 
Use DASH-Analog Workbench to 
breadboard your analog design in 
software before you build a hard 
prototype, saving you weeks of 
work. For digital designs, DASH- 
CADAT Plus speeds circuit develop- 
ment and helps you build in test- 
ability with logic simulation, timing 
analysis and fault simulation. 
Finish with expert printed circuit 
board layout using DASH-PCB. 


Call FutureNet today at 
1-818-700-0691 , and we'll show you 
how to get a high-performance 
digital and analog CAE workstation. 


® |BM is a registered trademark of International 
Business Machines Corporation. 
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FutureNet 


A Data |/O Company 


Your One-Stop Source for... 


LOW 


PROFILE 


CRYSTAL 
OSCILIATORS 


OVEN CONTROLLED 
Frequency: | 250 kHz to 17 MHz 
7 
> | 1-3 x 10°9/day 
Temperature: | +1x 10% over 0/+50°C . 
+5x 10% over —55/ + 75°C 
| 2Ya"x 2%4"x 1” 


BY 


Frequency: 
: 
: 
Temperature: | +1x 107 over 0/+50°C 

+1x 10% over —55/+ 85°C 

>| 1%"x1%"x 0.3” with 
electrical tuning 
1%"x 2"x 0.4” with 
mechanical tuning 


32 kHz to 70 MHz 


TTL 


Deviation: | +30 ppmto +200 ppm. 


Permits locking onto a stable 
source for 10-20 years with- 
Out adjustment. 


0.2” high DIP package 


Call The 
Application 
Engineering 
Hot Line Today! 


SN yA 
VECTRON 


The Crystal Oscillator Company 
—— eee ea 


VECTRON LABORATORIES, INC. 
166 Glover Avenue. Norwalk, CT 06850 
203/853-4433. TWX: 710/468-3796 


290) CIRCLE NO 48 


COMPUTER-AIDED ENGINEERING 
——— 


duces functional test programs that 
your tester will run. Three program 
modules are included: Converter, 
Tram, and P-Bridge. Converter 
translates waveform files from a 
CAE system to this package’s 
standard format. Tram (test re- 
source allocation manager) analyzes 
simulation waveform data to deter- 
mine compatibility with your test 
equipment. P-Bridge (pattern 
bridge) uses waveform files from 
the CAE simulator to synthesize 
functional test programs that run 
on the specified ATE. The function- 
al test programs generate real-time 
stimuli and verify the response of 
the device under test. The package 
interfaces to several types of CAE 
systems and ATE. For a Mentor 
Graphics Idea System, depending 
on options, the type of device test- 
er, and the host computer, the soft- 
ware costs $20,000 to $40,000. 

Test Systems Strategies Inc, 
8285 SW Nimbus Ave, Beaverton, 
OR 97005. Phone (503) 643-9281. 
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ANALOG DESIGN 


© [BM PC/AT turnkey system 
@ Includes analog component 
library 


The IBM PC/AT-based Personal 
Analog workstation combines sche- 
matic capture and analog simula- 
tion. The basic system includes the 
company’s DSpice simulator and a 
library of 30 analog components. 
The basic library features diodes, 
zener diodes, transistors, and op 
amps; an optional 600-part analog 
library is also available. The system 
includes Virtual Lab, which lets you 
simulate circuits on a VAX or on any 
of the company’s workstations. The 


turnkey analog system includes 
3.25M bytes of RAM, a 20M-byte 
hard disk, an 80287 math coproces- 
sor, and the company’s DNIX oper- 
ating system. $33,000. You can pur- 
chase Virtual Lab as an option for 
the company’s Personal Logician AT 
workstation for $5000. 

Daisy Systems Corp, 700 Middle- 
field Rd, Mountain View, CA 94039. 
Phone (415) 960-0123. 
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PC-BOARD LAYOUT 


@ Includes automatic placement of 
components 

@ Runs on IBM PCs and compati- 
ble computers 


The Ed-Layout pe-board-layout 
package includes utilities that speed 
board definition, placement of 
parts, rat’s nest generation of signal 
layout, and pin-to-pin routing of sig- 
nals. A packager utility automati- 
cally places parts from the design 
onto the board while attempting to 
minimize wire lengths. This utility 
also generates back-annotation in- 
formation that updates schematics 
and thus maintains consistency be- 
tween schematic and layout. A rat’s 
nest utility accepts output from the 
packager to generate a rat’s nest of 
the interconnections. Using the rat’s 
nest, the editor improves package 
assignments and placements. The 
improved placement simplifies rout- 
ing of the interconnections. A 
board-routing utility provides inter- 
active routing and also lets you 
Swap packages, sections, and pins. 
$4250. 

Control Data Corp, Box 0, Min- 
neapolis, MN 55440. Phone local of- 
fice. 
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ULA. The shortest route 
to custom LSI. 


Custom LSI provides the ultimate benefits in economics, performance and design 
security. 
Yet the route to custom LSI can be rather like trying to find the way through a maze. 
The ULA cuts straight across this maze and is the shortest route to custom LSI. 
Ferranti ULA technology combines: 
Clover a decade's experience with integrations in every major market sector. 


Ca product range second to none satisfying virtually all combinations of digital, BETTER 
linear, speed, complexity and I/O content at minimum power levels. BY 
Othe Ferranti Silicon Design System, the CAD facility covering the complete DESIGN 


design cycle from system concept to silicon hardware. 
In short, the ULA provides the economic, performance and security benefits 
of full custom LSI but in timescales and with development costs normally 


associated with gate arrays. 
Take the shortest route to custom LSI, the Ferranti ULA. | 


For further information, contact 


IC Marketing, Ferranti El ics Limited, Fields New Road, Chadderton, Oldh: B 
IC Matketing Feet Elocoouics ited oe oa Semiconductors 


*ULA is a registered trademark of Ferranti plc for semiconductor devices. 


oy 


International Addresses: 

C Ferranti GmbH, West Germany, Munich, Tel:089-3609-060 0 Ferranti Electronics Benelux, Antwerp, Tel: (0) 3/542.62.73 

Cl Ferranti Electronics Sweden, Stockholm, Tel: 08-52 07 20 O Ferranti Computer Systems (Australia) Pty Limited, Alexandria, Tel: (02) 698 5544 
C Ferranti Wheelock Microelectronics, Aberdeen, Hong Kong, Tel: 5-538298-9 Ld Ferranti Interdesign Inc. USA, California, Tel: 408-438-2900. 
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RECORDER/PLOTTER 


® Produces 8-color plots 
@ Timebase provides 12 sweep 
speeds 


Combining the functions of an X/Y-, 
Y/t-, X/t-recorder with a digital 
plotter, the SE780 lets you make A- 
or B-size plots in eight colors from 
cut sheets, transparencies, or roll 
paper. You can switch either the X 
or the Y axis to timebase operation 
with 12 sweep speeds ranging from 
0.05 to 200 sec/em. The unit features 
an automatic chart advance with a 


PORTABLE WINCHESTER 


@ 3'2-in. drive weighs 3.2 lbs 
® Portable data storage for PCs 


Enabling users of IBM PCs and 
compatible computers to move Win- 
chester files between systems, the 
Transpac 3%2-in. Winchester disk 
drive weighs 3.2 lbs. It measures 
2.6X4.15x5.9-in. and can withstand 
an 80g shock. This drive uses the 
host computer’s power supply and 
comes formatted for immediate use. 
Both 10M- and 20M-byte versions 
are available. You can attach the 
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paper cutter. You can control all 
functions from the front panel, or 
remotely via a rear-panel connector 
or RS-232C interface. Remote func- 
tions include pen select, pen lift, 
chart hold, chart advance, and time- 
base hold. Input modules for a vari- 
ety of voltage ranges are available. 
The basic unit costs $2095; input 

modules are $250 to $350/channel. 
BBC-Metrawatt/Goerz, 2150 W 
6th Ave, Broomfield, CO 80020. 
Phone (803) 469-5231. TLX 497069. 
Circle No 360 


unit to any PC that has a hard-disk 
drive, regardless of the drive’s ca- 
pacities; resident firmware detects 
the presence of a host’s Winchester 
drives and automatically sets the 
portable drive to become either the 
C or D drive as required. A cable, 
connector, and travel case are in- 
cluded. The 10M-byte model, $595; 
a 20M-byte version, $895. 
Microcomputer Memories Inc, 
6855 Vineland Ave, Chatsworth, CA 
91605. Phone (818) 700-8000. 
Circle No 361 


VOICE TERMINAL 


® Intelligent, voice-driven terminal 
® Has 1000-word vocabulary 


The KVT voice-driven terminal lets 
you use spoken words and phrases 
to control, enter data into, and re- 
trieve data from mainframes and 
minicomputers. The KVT uses a 
1000-word, IBM PC-compatible 
voice-recognition device to drive the 
terminal’s software and hardware 
Support system. The terminal can 
emulate an ASCII or IBM 3270 ter- 
minal for communication with DEC, 
IBM, HP, or other host systems. 
The terminal automatically trans- 
lates voice commands and data into 
user-defined keyboard inputs. You 
can also enter data via the key- 
board. Each unit includes an IBM 
PC/XT-compatible computer with 


embedded voice-recognition capa- 
Continued on pg 229 
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bilities, a Winchester disk drive, a 
floppy-disk drive, ASCII terminal- 
emulation software, user training, 
and a 90-day warranty for $9900. 
KVT with IBM 3270 emulation, 
$10,900. 

Kurzweil Applied Intelligence, 
411 Waverley Oaks Rd, Waltham, 
MA 02145. Phone (617) 893-5151. 
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LAN HUB 


e Provides 8-port networking 
@ Operates with a network node 
2000 ft away 


The Active Hub-01 gives you 8-port 
networking and can interface with a 
network node that’s 2000 ft away. 
The hub provides termination for 
RG-62/U coax cable and regenerates 
data signals to maintain communica- 
tion integrity. You can use the Ac- 
tive Hub-01 to join both Datapoint’s 
Arcnet-PC200 serial coaxial topolo- 
gy and the Arcnet-PC100 free-form 
tree coaxial topology. $885. 
Standard Microsystems Corp, 35 
Marcus Blvd, Hauppauge, NY 
11788. Phone (516) 273-3100. TWX 
510-227-8898. 
Circle No 363 


BAR-CODE SYSTEM 


@ 16-bit pP-based bar-code 
terminal 
@ 32-character adjustable LCD 


Crossbar is a series of bar-code 
products that lets you build various 
system configurations. You can 
start with a 16-bit 9512 transaction 
manager or a 9511 bar-code terminal 
for decoding standard patterns such 
as Code 39. Each product has a 
wand power pack and a 32-character 
LCD, which eliminate the need for a 
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separate CRT terminal. The 9512 
also offers an interactive program- 
ming language that lets you pro- 
gram prompts and collect and for- 
mat data. You can then use the 9512 
for data storage or for transmission 
of data to a host computer. To create 
a network of bar-code collection de- 
vices, you can connect as many as 10 
of the company’s 9191 digital satel- 


8975 


trademarks of International Business Mac 
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lite wand stations to each 9511 or 
9512. You can also order an 8635 
thermal bar-code printer for use 
with the other units. 9512, $1095; 
9511, $845; 9191, $195; 8635, from 
$4495. 
Intermec Corp, Box 360602, 
Lynnwood, WA 98436. Phone (206) 
348-2600. TLX 3794107. 
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STORAGE SUBSYSTEM 


@ 20M- and 25M-byte backup 
systems 

e Features automatic hard-disk 
backup program 


Providing external data storage for 
your desktop computer, Models 
1020e and 2025e occupy no addition- 
al desk space because they sit next 
to the monitor on top of your com- 
puter. The 1020e is a 20M-byte tape 
backup system. The 2025e contains 
both a 25M-byte hard-disk drive and 


a 20M-byte tape backup system. 
Both units come with an automatic 
hard-disk backup program called 
Backtrack and a menu-driven file 
and directory management program 
called Xtree. Each of these portable 
subsystems uses DC-2000 tape 
cartidges. 1020e, $1295; 2025e, 
$2295. 

Tallgrass Technologies Corp, 
11100 W 82nd St, Overland Park, 
KS 66214. Phone (913) 492-6002. 
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HANDHELD COMPUTER 


® Weighs less than 1 Lb 
@ Includes ROM-resident Basic 
interpreter 


Offering floppy-disk storage as an 
option, the PC-1600 computer 
weighs less than a pound and fits in 
your palm. It incorporates a pP that 
functions as a Z-80A does. The com- 
puter comes with a ROM-resident 


Basic interpreter, an RS-232C port, 
a fiber-optics interface, 16k bytes of 
RAM, and a 60-pin I/O bus. You can 
expand the RAM to 80k bytes. The 
unit measures 3%2X8 in. and has a 
4-lineX26-character display. Op- 
tions include a 2%-in. floppy-disk 
drive that provides 128k bytes of 
data storage, a 4-color pen plotter 
with a cassette interface, and a 32k- 
byte RAM module. PC-1600, $345; 
floppy-disk drive, $210; pen plotter, 
$315; RAM module, $155. 

Sharp Electronics Corp, Sys- 
tems Div, Sharp Plaza, Mahwah, NJ 
07430. Phone (201) 529-8965. 
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Big CAD Layout...Small $$$$ Outlay 


Compare Qwik Tek" quality and cost performance to P-CAD,_ 
Racal-Redac, FutureNet... : 


| Trademarks: Qwik Tek-QT! 
| P-CAD-P-CAD. Registered Ti 
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256 E. Hamilton, Suite L 
Campbell, CA 95008 


800-538-8157 — Ext. 845 
In CA 800-672-3470 — Ext. 845 
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NEW PRODUCTS 


COMPONENTS & PACKAGING 


CABLE ADAPTER 


@ Adapts female-to-female connec- 
tions 
© Installed length of <% in. 


The D Subminiature Gender Chang- 
er is a cable adapter that minimizes 
the space required to adapt female- 
to-female connections. It provides 
an installed length (front to back) of 
<‘% in. The adapter is designed to 
mate with 9-, 15-, 25-, and 37-posi- 
tion D subminiature connectors. 
You can vary the circuitry to allow 
different pin-to-pin combinations, 
including RS-232C variations. The 
feedthrough device is RF and EMI 
shielded to meet FCC emissions re- 
quirements. You can use it with 


S/D CONVERTERS 


®@ Feature programmable resolution 
of 10, 12, 14, or 16 bits 
® Operate without a tachometer 


The SDC-14560 Series synchro- or 
resolver-to-digital converters have 
user-programmable resolution of 
10, 12, 14, or 16 bits. You can change 
the resolution while the system is 
operating. The converter output can 
close a velocity loop without a ta- 
chometer. This voltage output (0 to 
+10V dec) is ground based with a 
linearity of 0.25%; it’s positive for 
increasing angles. The series ac- 
cepts broadband inputs of 360 to 1 
kHz or 47 to 1 kHz. The digital 
angle output from the converter is a 
natural binary code and parallel pos- 
itive logic; it’s TTL/CMOS compati- 
ble. Featuring a 3-state output, the 
devices are suited for use with com- 
puter-based systems and are avail- 
able with operating ranges of 0 to 70 
or —5d5 to +125°C. $345. Delivery, 
120 days ARO. 

ILC Data Device Corp, 105 Wil- 
bur Pl, Bohemia, NY 11716. Phone 
(516) 567-5600. TWX 510-228-7328. 
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most D-subminiature mounting 
hardware. Approximately $5. 
ITT, Cannon Div, Box 8040, 


PROCESS METER 


© Has 4% digits 
® Can power transmitters and ac- 
tive transducers 


The Model 2002-E is a 4%-digit 
process meter with a built-in, elec- 
trically floating supply for powering 
transmitters and active transduc- 
ers. The output voltage is continu- 
ously adjustable from 10 to 24V de 
at as much as 50 mA. As a process 
receiver, the meter provides zero 
adjustment from -—19,999 to 
+19,999 counts and span adjust- 
ment from 0 to 19,999 counts for 
process signals such as 4 to 20 mA 
and 1 to 5V dc. Standard features 
include a screw-terminal barrier 
strip for signal and power; it also 
furnishes easy field scaling for read- 


Fountain Valley, CA 92728. Phone 
(714) 964-7400. 
Circle No 367 


out in engineering units. It fits a 
standard %-DIN panel cutout and 
requires a depth of <104-mm be- 
hind the panel. Options include seri- 
al BCD output and a splashproof 
lens cover, which provides protec- 
tion to NEMA-12 standards in in- 
dustrial environments. $229. 
Newport Electronics Inc, 648 E 
Young St, Santa Ana, CA 92705. 
Phone (714) 540-4914. 
Circle No 369 


KEYBOARD 


@ Built for industrial environments 
© Plug compatible with IBM PC 
and PC/AT 


The TCE434 Series touch-panel 
keyboard can withstand dust, 
grime, moisture, or liquid spills. It 
is plug compatible with both the 
IBM PC and PC/AT and automati- 
cally selects the appropriate inter- 
face. Tactile feedback is accom- 
plished with a metal snap-disk and 
an embossed touch surface to enable 
positive finger positioning. An on- 
board wC includes an 8-bit CPU, 
ROM program memory, RAM data 
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NVI 


Polyimide (Kapton®) insulation, meeting Custom-designed signal, power, 

he requirements of MIL-C-49059A. and signal/power combinations. 
Operating temperatures to 150°C. using Current carrying capacities from 
-EP-Teflon®, 100°C. with modified acrylic. microamps to amperes — up to 40 amps. 


Extensive in-house 
fabrication and 
assembly capabilities. 
All of our solderers 
are military-certified. 


Flat or round conductors, any lengths, Cf > 
custom-stripped to your requirements. F 
Pretinned for direct PWB insertion or assembled 


with a variety of pins and connectors. awe eC 


Select any size and number of conductors, round or 
flat. Wide choices of insulating and conductor materials 
Shielded or unshielded. Many jumper configurations. 
Cable terminated with flex circuits, connectors, PWBs. 
All made in our plant, from prototypes to high volume. 

Use Parlex flat cable, flex circuits, multilayers, PWBs 
thick-film hybrids, or combinations of each to reduce 
costs and simplify packaging. Increase compactness 
and reliability. Save on assembly and testing. 

Questions? Phone us. Our 

¢ 


interconnection specialists 
have the answers. Parlex 


| Corporation, 145 Milk St., 
1 to 200 conductors , Methuen, MA 01844, \ 
same or varied widths, Tel: 617-685-4341, ariex 
thicknesses, and spacings. Wide choice of TWX: 710-342-1528. SOP PGe A TiGH 


conductors, insulating materials, and shielding. 
Qualified to UL Style 2643 and 20134. * Kapton and Teflon: Reg. TMs Du Pont Company CIRCLE NO 177 


Good tools 
make tou gh jobs easy. 


Whether your electronic assem- 
bly application is microminiature, 
miniature or just plain small, 
Utica-Swiss® has the tool for 
the job. 

From the electronic industry’s 
most extensive line of standard 
and special purpose hand tools, 


Diagonal cutters with choice Cutting tweezers for fine wires. 


you can select pliers or tweezers of super full flush, full flush © With angled, transverse or tip 
to meet your exact assembly re- or semi-flush cutting edges. cutting edges. 


quirements. Incomparable in 
quality and design, each 
Utica-Swiss® tool is a precision 
instrument engineered and 
manufactured to give superior 
life and performance in repeti- 
tive assembly line applications. 
Utica-Swiss keeps pace, too, oe Se =< } 
with the fast-ch angi ng needs of Precision wire strinpeed with Precision tweezers | in straight, 


; stripping holes for 22 curved or angled designs with 
today’s electronic technology. through 30 AWG. | pointed, broad or round tips. 


When advances require new 
tool designs, you can count on 
Utica-Swiss to provide them. 


DIP insertion/extraction Wafer handling tweezers in 


pliers available for 4 through angled and minimum surface 
40-pin packages. contact designs. 


Magic Line : 
Cutters and Pliers: ms £6 

: — wat 2 Sannectes insertion pliers with Connector tweezers for 
rgonomic nanadles interchangeable tips. inserting or extracting wire 


for control of Carpal 


: termination contacts. 
- Tunnel Syndrome (CTS). 


Available from authorized 
Utica-Swiss® Distributors. 


® 


SWISS fy 


The Triangle Tool Group, Inc. 
Subsidiary of The Triangle Corporation 
Orangeburg, South Carolina 29115 


COMPONENTS & PACKAGING 


memory, I/O lines, a timer/event 
counter, and an electronic secretary 
shift. A 16-character FIFO buffer 
provides high throughput. Timed 
automatic repeat is available on all 
data keys. $95 (1000). 

Micro Switch, 11 W Spring St, 
Freeport, IL 61032. Phone (815) 
235-5731. 


Circle No 370 


A/D CONVERTER 


@ Converts at 25 wsec mas for 12-bit 
resolution 
@ MTBF at 25°C is 3.89X10° hours 


The ADC80AG dissipates 595 mW 
max. It uses six IC chips, in compar- 
ison with 29 in the older model, and 
it offers improved reliability; MTBF 
at 25°C is 3.89x10° hours. It comes 
in a side-brazed, hermetic, 32-pin 
DIP, with environmental screening 
as an option. The device features 
conversion speeds of 25 psec max 
for 12-bit resolution and 22 psec 
max for 10-bit resolution. These 
characteristics make the converter 
suitable for use in applications re- 
quiring throughput sampling rates 
in the 40- to 47-kHz range. You can 
trim gain and offset errors to zero. 
Linearity error is +0.012% full- 
scale resolution (FSR) max for 
12-bit resolution, and +0.048 FSR 
for 10 bits. The company guarantees 
no missing codes over the tempera- 
ture range of 0 to 70°C. From $44.50 
(100). 

Burr-Brown, Box 11400, Tucson, 
AZ 85734. Phone (602) 746-1111. 
TWX 910-952-1111. 

Circle No 371 
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VME BUS PGA BOARD 


@ 9Ux400-mm_ Schottky-compati- 
ble board 
@ For 17X16 PGA devices 


This VME Bus 9Ux400-mm, 
Schottky-compatible wire-wrap 
board, the Super-U, is designed to 
hold as many as fifty-six 17x16 pin- 
grid-array devices. Both layout and 
board construction minimize the ef- 
fects of system noise, crosstalk, 
ringing, and propagation delay. The 
board features a patented 4-layer 
construction and copper inter- 
pinning around each pin on all lay- 
ers. Any pin may be selectively 
committed to the Vcc or ground 
planes, thereby reducing inductance 
inherent in wrapping for high-speed 
applications. Plated-through holes 
are strategically spaced every 
0.2-in. in order to equalize current 
flow while providing additional de- 
coupling capacity. The continuous 
sections of low-insertion-force pins 
on 0.1-in. centers allows for a varie- 
ty of PGA packaging options. You 
can achieve regular-density or high- 
density packaging of standard com- 
ponents by using the board loaded 
as is or by designating your own 
loading requirements. In addition, 
custom power commitments are 
available for all three 96-pin DIN 
connectors. $2127. 

Mupac Corp, 10 Mupac Dr, 
Brockton, MA 02401. Phone (800) 
925-0398; in MA, 588-6110. TWX 
710-345-8458. 
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WORLD'S 
SMALLEST 
DIP SWITCFrI 


SAME SIZE 
AS AN 
IC 


THE LOW PROFILE K40 DIP IS 
THE SAME SIZE AS AN IC 


NO MORE HAND LABOR. 


YOU CAN USE AUTOMATIC 
INSERTION EQUIPMENT! 


If you don’t have automatic insertion equip- 
ment, we’re banking that some day you will. To 
prove that, we’ll charge you the same low price 
for all your purchases—no more need for the 
low-volume premium prices you're paying now. 


AVAILABLE IN 
2,3, 4,5,6,7&8 
POSITIONS 


FREE SAMPLE! 


WITH STAPLED BUSINESS 
CARD TO YOUR LETTERHEAD 


AMERICAN RESEARCH 
& ENGINEERING 


1500 EXECUTIVE DRIVE 
ELGIN, IL 60120 


12-888-7245 
ie tan te it bébller! 
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1.1808 


_— R. 386: 


R.0487 


-R.2864 


R 1.3826 


a : “Suggested USS. list price: Ss caine Caeser pean eee, oo ee ee “ 
_....HP Vectra PC is a trademark of Hewlett-Packard. IBM PC is a registered trademark of International Business Machines. VersaCAD is a registered trademark of T & W systems. AutoCAD is a registered trademark of AutoDesk, Inc. © 1986 Hewlett-Packard Co. 
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COMPONENTS & PACKAGING 


PROTOTYPE BOARDS 


@ Available in three sizes 
e Feature 4-layer construction and 
copper interpinning 


The Maxi-Pac Schottky-compatible 
wire-wrap boards are available in 
three sizes: 9Ux220 mm, 9U x280 
mm, and 9Ux400 mm. The design 
meets the requirements of integrat- 
ing pin-grid-array (PGA) devices 
with standard packaging compo- 
nents. The boards feature 4-layer 
eonstruction and copper inter- 
pinning around each pin on all 
layers. You can commit any pin to 
the Vcc or GND planes. The boards 
have continuous rows of low-inser- 
tion-force pins on 0.1-in. centers for 
PGA devices, vertical rows of sock- 
et terminals alternating on 0.1- and 
0.3-in. centers for high-density 
packaging applications, and_hori- 
zontal rows on 0.1- and 0.6-in. cen- 
ters. Custom power commitments 
are available at all three 96-pin DIN 
connectors. The 9U x220-mm board 
holds as many as 315 sixteen-pin 
devices; the 9Ux280-mm_ boards 
holds 350 sixteen-pin devices; and 
the 9Ux400-mm board accommo- 
dates as many as 525 sixteen-pin 
devices. $1063, $1488, and $1730, 
respectively. 

Mupac Corp, Box 3099, Brock- 
ton, MA 02401. Phone (617) 588- 
6110. 

Circle No 373 


PRINTER/PLOTTER 


e Employs linear-array thermal 
print head 

@ Generates graphics at 71 dot 
lines/sec 


Through use of a linear-array ther- 
mal print head, the Superplot-80L 
produces high-resolution graphics 
at 71 dot lines/sec and near-letter- 
quality graphics at speeds above 500 
cps. The print head has a resolution 
of 100 dots/in. and an MTBF of 100M 
dot lines or 17 miles of paper. The 
page-level vector graphics allow the 
printer to format a graphic display 
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based on coordinates generated by 
the host system. This feature re- 
duces communication time and elim- 
inates the need for the host to con- 
vert the display to raster before 
communicating with the printer/ 
plotter. The unit has an 8-in.-wide 
printable field on 8%-in.-wide ther- 
mal roll paper. A top-of-form optical 
sensor indexes page tops for proper 


alignment. The printer measures 
4.25x10.75x10.5 in. $2095. Deliv- 
ery, 90 days ARO. 

Gulton Industries Inc, Graphic 
Instruments Div, East Greenwich, 
RI 02818. Phone (800) 348-7929; in 
RI, (401) 884-6800. TWX 710-387- 
1500. 

Circle No 374 


QUICK! PICK A HUM-STOPPER 


8 Eliminate ground-loop problems (h 


um, cross-talk, voltage differentials, 


etc.) on video and other wideband data lines. 


e Insure outstanding signal transmission with over 120 dB attenuation of 
interference at power line frequencies. 


Without Hum-Stopper : 


With Hum-Stopper 


For the ultra-wide bandwidth and low, flat insertion loss needed by broadcast 
or remote TV lines. For security, CCTV or Industrial Process Control systems. 
For high-speed Data Lines or Medical Imaging Equipment. Whatever your 
needs, there’s a North Hills Isolation Transformer designed to meet them. 
Engineered for unmatched reliability. Standard insulated BNC connectors for 
easy installation. Backed by a 3-year warranty —it’s the widest selection of 
Wideband Isolation Transformers available anywhere. And it’s available now! 


Right off the shelf! 


For details, dial: 516-671-5700. Or write for our new catalog. 


agaWNorth Hills Electronics, Inc. 


1 Alexander Place, Glen Cove, NY 11542-3796 (516) 671-5700 Telex: 46-6886 
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NEW PRODUCTS 


ICs & SEMICONDUCTORS 


CMOS MAC 


® 70-nsec clock rate 
@ 24-bit product, 3-bit extended 
product 


The Am29C509 12x12-bit CMOS 
multiplier/accumulator is a plug-in 
replacement for the TRW 
TDC1009J. The device dissipates 
“aW. Its 70-nsec clock rate accom- 
modates real-time programming. 
The IC features a 27-bit product- 
accumulation result that provides a 
24-bit product plus a 3-bit extended 


CMOS MAC 


© Operates from a 5V supply 
© 7TL compatible 


Organized as 16X16 bits and featur- 
ing 80-nsec multiply-accumulate 
time, the TMC2210 CMOS multipli- 
er/accumulator is pin and function 
compatible with its predecessors 
TMC2110, TMC2010, and TDC1010. 
Operating from a 5V supply, the 
-2210 features selectable accumula- 
tion; subtraction, rounding, and 
preloading; 2’s-complement or un- 
signed-magnitude operation; regis- 
tered inputs and outputs; and TTL 
compatibility. In a 64-pin plastic 
DIP, $28 (1000). 

TRW Electronic Components 
Group, LSI Products Div, Box 
2472, La Jolla, CA 92038. Phone 
(619) 457-1000. 
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product. This feature allows the ac- 
cumulation of values larger than the 
normal accumulator width. The de- 
vice also allows the 2’s-complement 
or unsigned inputs. In a 64-pin ce- 
ramic DIP, $65 (100). 

Advanced Micro Devices Inc, 
Box 3458, Sunnyvale, CA 94088. 
Phone (408) 732-2400. 

Circle No 375 


DC/DC CONVERTER 


© /nput voltage range of 3 to 16.5V 
© 85% efficiency 


The MAX638 de/de converter offers 
85% efficiency and a 5V regulated- 
output power supply; it requires a 
diode, a low-cost inductor, and two 
smoothing capacitors, The input- 
voltage range is 3 to 16.5V. Output- 
power levels extend to 500 mW max. 
The device consumes 185 wA of qui- 
escent current; thus it’s suitable for 
battery-operated equipment. A low- 
battery indicator is provided. In a 


plastic miniature DIP, $7.50 (100). 
Maxim Integrated Products, 510 
N Pastoria Ave, Sunnyvale, CA 

94086. Phone (408) 737-7600. 
Circle No 377 


STATIC RAMs 


@ Bit-select access times of 5 nsec 
® On-chip address decoding 


Models F100422 and F10422 256x4- 
bit static RAMs are speed-enhanced 
versions of the company’s 1024-bit 
ECL RAMs. The devices feature 
on-chip address decoding; separate 
data-input and noninverting data- 
output lines; and four active-low bit- 


ee 
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AU: ft ok poor is your ves track to. 
- igh est performance systems. 
~ Shown: Selected members of our growing 
- family of parts which, when first delivered to 
customers broke existing speed records. 
I ord, more than fwo thirds of our parts 
t new performance standards when introduced. 
Most of the remaining tied existing performance 


x 


m 


\ 


Our data book details them all, fully, 
Four growing families, so you can create ees per- 
forming systems that use less power: _ 
_ High Speed Static RAM | 
High Speed PROM ( including reprogramamable 
pat, 
| High Speed Programmable Logic ( including 
iE repros rammable parts), 
> High Speed Logic, ( including 16-Bit-Slice), 
_ All in low power CMOS. Very reliable. Military — 
temperatures and processing are available. 
Packaging in plastic, ceramic, LCC, you 
name it. Cool, low power. And © 
\ blazing speed. | 


’ 


"This data book, hoe with sis ond 
CMOS Data Book power parts, is yours for a phone = 


2) 2-672-2220 (In Europe). 
4 (416) 475-3922 (In Canada), — 
Ask for Dep 106 | 


es i : a 
STS at Pe Ea en 


Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134. Phone (408) 943-2666. Telex 821032 
CYPRESS. TWX: 910 997 0753. © 1986 Cypress Semiconductor. 


Calmos Systems Inc. 


LIGHTS. ... 
CAMERA ... 
AGT ION! 


74/54 AeC-T 
INTERFACE & 
é LOGIC 


ie CALMOS a 
ea 


bet ALS SPEED ie 

5 ns propagation delay 
frequencies to75MHz | 
CMOS POWER Se 


50 uW quiescent power 


power consumption ie 
less than bipolar — 


ie 
ES 
fie 
a even at 75 MHz 
e 
El 
fa 
Co 


TTL DRIVE 


48 mA constant current 


be 
a 
drive a 
a 
| 


502 drive capability 
drives buses directly 


AVAILABLE 
NOW! 


CALMOS Systems Inc. 
20 Edgewater Str, Kanata, Ontario 
Canada K2L 1V8 


USA: Call 1-800-267-7231  TIx: 053-4501 
Europe: UK (0272) 277332 Tix:449731 ~ 
Canada: (613) 836-1014 Tx: 053-4501 
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ICs & SEMICONDUCTORS 


select lines. Both spec bit-select ac- 
cess times of 5 nsec max. Power 
dissipation is 0.79 and 0.92 mW/bit, 
respectively; it decreases as opera- 
ting temperature rises. Four bit- 
select inputs provide logic flexibili- 
ty. The devices are intended for 
scratch-pad memory and control- 
and buffer-storage applications. In 
24-pin DIPs, $9.95 (100). 

Fairchild Semiconductor Corp, 
Box 5000, Puyallup, WA 98374. 
Phone (800) 554-4443. 
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ANALOG SWITCH 


@ Voltage rating of +110V 
@ Has on-resistance of 200, 


~The TMH5008  8-channel analog 


Switch provides an on-resistance of 
200 and off-state isolation of 50 dB 
at 10 MHz. The device contains bidi- 
rectional, dielectrically isolated 
DMOS switches, controlled by a 
gate array that has a CMOS-logic 
input section. The switch specs volt- 
age and current ratings of 110V, 
—110V, and 1A. The switch oper- 
ates over a 0 to 70°C temperature 
range. In a 24-pin plastic DIP, 
$35.40 (100). 

Telmos Inc, 740 Kifer Rd, Sunny- 
vale, CA 94086. Phone (408) 732- 
4882. 

Circle No 379 


REGULATOR IC 


® Features a single output drive 
® Operating frequency above 200 
kHz 


The CA1523 voltage-regulator con- 
trol integrated circuit is designed 
for applications in switching-power- 
supply systems. The device’s pulse 
width varies over a 2-to-1 range 
while internal pulse modulation con- 
trols the regulator’s output. The 
device has a single output drive that 
can source and sink a continuous 50 
mA that can drive a power FET. 
The operating frequency is >200 
kHz. The IC has built-in overcur- 


rent sensing and output-voltage 
monitoring. The internal band-gap 
voltage reference provides tempera- 
ture-compensated reference levels 
of 1.2 and 6.8V. The device operates 
from a single supply voltage be- 
tween 11 and 15V, and draws a 
typical supply current of 27 mA. 
Operating over a 0 to 70°C tempera- 
ture range in a 14-lead plastic DIP, 
the CA1528 costs $1.32 (100). 

RCA, Solid State Div, Rte 202, 
Somerville, NJ 08876. Phone local 
office. 

INQUIRE DIRECT 


TELECOMM IC 


@ Allows digital transmission and 
reception of communications 
@ Has an on-chip HDLC formatter 


The T7250 Unite is an IC that allows 
fully digital transmission and recep- 
tion of voice, data, video, high-fidel- 
ity audio, and other communications 
over two pairs of wires that carry 
telephone calls. It operates from a 
OV supply and consumes 120 mW 
max. The device meets the ISDN 
basic rate interface for transmission 
and reception of digital voice and 
data to telecommunications termi- 
nals. It has an on-chip HDLC (high- 
level data-link control) formatter 
that processes D-channel data. A 
w-P interface allows you to control 
the operation of the device through 
programmable on-chip registers. 
Line bit-transmission rate is 192k 
bps: 144k bps for user information 
and 48k bps for framing, control, 
and synchronization. The IC pro- 
vides full-duplex communications 
over a 4-wire, S/T-standard basic- 
access line for point-to-point and 
point-to-multipoint configurations. 
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Tokin. 


Information handling, 


simplified. 


Now you, too, can introduce magnetic card efficiency 
to your department store, hospital, bank, hotel or 
library—or any other application that demands fast, 
efficient information checks. All thanks to Tokin’s 
new simplified magnetic card readers/writers. Tokin 
magnetic card readers/writers provide a marked in- 
crease in information handling efficiency no matter 
what your business is. Consider, for example, the 
results you'll produce by installing a single MCT-650 
Series motorized magnetic card reader/writer with a 
dozen or two MCT-150 Series manually-operated 
card readers. 

How do we make it so simple? By enabling you 
to connect Tokin’s MCT Series to any personal com- 
puter with a standard RS232C interface, a simple 
operation that also expands your PC applications. 

Why choose Tokin? Because it's compact, reli- 
able and economical. But this is just a brief intro 
to Tokin’s manual magnetic card readers. Our MCI 
and MCS Series card reader units provide depend- 
able service for a vast range of applications, using 
original integrated circuits for the F2F decoder, and 
a variety of Tokin exclusive magnetic heads. 

With a solid grounding in magnetic manufactur- 
ing technology, from magnetic cards on up, we 
promise that Tokin Magnetic Card Readers 
read and write like nothing else can. 

And we promise to make it 
simpler than you imagine. 


MCT-650 Series 


MCT-150 Series 


Please see uS at 
our booth #22E06 


Interface of MCT-650 and 
MCT-150 Series 
MCT-650 Series | MCT-150 Series 


Communication Standard EIA, RS232C 


standards 


Start-stop Start-stop 


Communication | synchronization, ier 
mode full duplex at ata 
(half duplex) P 

Transmission 1,200/2,400/ +200 
speed (baud) 4 800/9,600 

Start bit 1 
Communication Data bit 8 
format Parity (even) 1 

Stop bit 1 


Card driving 


Performance Read/write Read only 


Applicable Magnetic Card 


Type Card Standard 


MCS-111, 121, 131 
MCI-11 ISO, track 2 


MCS-112, 122, 132 
MCI-112 


MCS-113, 123, 133 
MCI-113 


ISO, track 1 


ISO, track 3 


MCI-110 
Series 


MCS-110 
Series 


MCS-120 
Series 


MCS-130 
Series 


Tokin Corporation 


Head Office: Hazama Bldg., 5-8, Ni-chome, 
Kita-aoyama, Minato-ku, Tokyo 107, Japan 

Tel.: Tokyo (03) 402-6166 Telex: 02422695 TOKIN J 
Tokin America inc. 

2261 Fortune Drive, San Jose, California 95131 
U.S.A. Tel.: 408-946-4887 

You can reach our agents by phone: 
London 01-837 2701; Paris 1-45 34 75 35; 
Milan (0331) 678.058; Munich (089) 5164-0; 
Seoul (02) 777-5767; Taipei (02) 7311425; 
Hong Kong 3-315769; Singapore 747-8668; 
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TECHNOLOGY 
PLUS ECONOMY 


FOR DISPLAY MONITOR AND POWER SUPPLY VALUE. NO ONE ADDS UP TO IKEGAMI 


lkegami'’s full line of display monitors are engineered for 
high performance and high value, while our impressive 
list of features score high marks with computer people, 


industry-users, lab technicians and R&D personnel. 
These features include: 


|| 1280 x 1024 pixels with greater than 100mH7z of video 
frequency response. 

|_| Horizontal deflection frequencies available from 15 to 
64kHz on monitors with medium to ultra high resolution. 

|_| A variety of sizes from 9” to 26”, analog and TTL, 

: monochrome and color. 

*# _! Both precision in-line gun and delta gun configurations. 

_| Neatly packaged for ease of maintenance, with or without 
an enclosure. 


__| Exceeds safety and emissions requirements: UL, CSA, 
« FCC, IEC and VDE 
|_| Precise geometry, superior linearity and color stability 
assure reliable and repeatable images. 


{ 


lkegami’s power supplies also combine technology 
and economy, and the following superior features: 


_| Designed for a variety of applications, including computer 
and communications systems. 

 . _ eii,Output ratings from 120 to 1000 watts with 4 or 5 user 

__ ~~ —r— : specified power outputs. 

+. i +i+#é#3 = F ~eeeleleDual-range-AG inputs, user selectable for worldwide 

system applications. 

“Meet international EM! and Safety requirements: 

FCC, UL, CSA, IEC and VDE Standards 

~elelet:00% tested and burned-in to insure quality. 

__| Soft start with overload and overvoltage protection standard. 

_4 Offered in both open frame and enclosed designs. 


Together, or alone, when you consider great technology, 
at economical prices, the name to watch is lkegami. 


Senet aa 


Ikegami Electronics (USA), Inc. 37 Brook Avenue Maywood, NJ 07607 
S79°4992™ East: (201/368-9171 Northwest-(415)'449-1794 Southwest: (213) 534-0050 
: CIRCLE NO 96 ° 
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ICs & SEMI- 
CONDUCTORS 


In a 44-pin plastic leaded chip carri- 
er, $16 (1000). 

AT&T Technology Systems, 555 
Union Blvd, Dept 50AL203130, Al- 
lentown, PA 18103. Phone (800) 372- 
2447. 

Circle No 380 


MAP IC 


@ Accommodates 10M-bps data 
rates 
@ Comes in 40-lead DIP 


The MC68184 broadband interface 
controller (BIC), coupled with RF 
circuitry, makes up a broadband 
modem that finds use in each node 
of a MAP broadband communi- 
cations network. The device imple- 
ments the digital portion of the 
IEEE 802.4 broadband physical 
layer of the ISO/OSI (International 
Standards Organization/Open Sys- 
tems Interconnection) communica- 
tions model for standardized multi- 
vendor data-communications 
networking. The digital portion ma- 
nipulates data and provides control 
for the RF transmitter and receiv- 
er. The BIC accommodates data 
rates as high as 10M bps using a 
duobinary modulation technique. 
The IEEE 802.4 standard serial in- 
terface is used to connect the BIC to 
the token bus controller (TBC 
MC68824); the TBC comprises the 
media-access control sublayer of the 
ISO data-link layer. In a 40- lead 
plastic DIP, $40 (100). : 
Motorola, Microprocessor Prod- 
ucts Div, Box 6000, Austin, TX 

78762. Phone (512) 440-2839. 
Circle No 381 


STATIC RAM 


@ Active-low and -high chip selects 
@ Selectable 10-, 12-, 15-, and 25- 
msec access times 


Configured as 256x4 bits, the 
P4C422 static RAM offers access- 
time selections of 10, 12, 19, and 25 
nsec. Inputs and outputs are fully 
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CY525 3rd generation 
STEPPER MOTORCONTROLLER 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 

rate on the fly, read 

position on the 

fly, and 

a much 

i more. 


compatible, 

40 pin, +5 volt 

TTL, 8 bit I/O interface “hg 
to ucomputer. $195 ea ($80/100) 
Prototyping board available. 


\, 
Cybernetic MicroSystems “s 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 attn: Cybernetic 


~ CIRCLE NO 30 


POLYMER MATERIALS 


Sure Cure. 


Rapid cure adhesives for 
electronics assembly. 


UNISET® and ECCOBOND® adhesives provide fast, 
reliable performance in SMD operations, ceramic 
substrate assembly, circuit packaging, and component 
assembly. They offer: 


W@ Reduced assembly time--a choice of fast cure 
options (UV, heat or RT) 


H Reduced costs--designed to facilitate high-speed 
automated operation 


@ Versatility-excellent adhesion to plastics, 
metals, ceramics, glass 


M@ Reliability-cured adhesives resist severe environments, 
habs temperature extremes 


For a fast solution to processing, 
substrate compatibility, thermal or 
automation problems, UNISET and 
ECCOBOND are the sure cures. 
From Emerson & Cuming. 

77 Dragon Court 

a, Woburn, MA 01888 

1-800-TECHWAY (832-4929) 


EMERSON & 
CUMING 3 INC 
Polymer & Eecioac S eieacis 
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ICs & SEMICONDUCTORS 
Ss eee 


TTL compatible. The device’s mem- 
ory requires no clocks or refreshing. 
It operates from a single 5V supply. 
Active-low and -high chip-select 
pins, as well as 3-state outputs, 
allow memory expansion. The IC is 
available in a 22-pin, 400-mil plastic 
DIP as well as a 24- or 28-pin LCC. 
P4C422-10PC, $12.77; -15PC, $9: 
-25PC, $7.20 (100). Delivery, eight 
weeks ARO. 

Performance Semiconductor 
Corp, 610 E Weddell Dr, Sunny- 
vale, CA 94089. Phone (408) 734- 
9000. TLX 650-271-5784. 

Circle No 382 


RECTIFIERS 


@ PIV to 1000V max 
® Operating temperature of —65 to 
t1I75'C 


You can use Series SDR3A through 
SDR38M 3A rectifiers in high-volt- 
age switching power supplies, with 


clamps, as free-wheeling diodes, 
and in deflection circuits. The 
SDR3M features a PIV to 1000V 
max and a reverse recovery time of 
70 nsec max. The devices operate 
over a —65 to +175°C temperature 
range. You can select rectifiers hav- 
ing peak repetitive reverse voltages 
and de blocking voltages of 50, 100, 
200, 400, 600, 800, and 1000V. For 
3A devices, from $5 to $12.50.(100). 
Solid State Devices Inc, Box 577, 
La Mirada, CA 90637. Phone (213) 

921-9660. TWX 910-583-4807. 
Circle No 383 


200°C EEPROM 


® Operates from —55 to +200°C 
© Reprogrammable at 180°C 


The Model 8020 CMOS EEPROM 
provides a 3-state output. The de- 
vice is reprogrammable at 180°C, 


and you can read it at temperatures 
through 200°C. The EEPROM oper- 


= BIL 


ates from a single power supply of 
4.5 to 5.5V. It specs a 250-nsec 
access time. Operating power-sup- 
ply current is 10 mA typ; standby 
power-supply current is less than 1 
mA typ. Access to the device for the 
read or write cycles does not re- 
quire external components. In a 
28-pin ceramic DIP, $128.90 (100). 
Delivery, stock to eight weeks 
ARO. 

White Technology Inc, 4246 E 
Wood St, Phoenix, AZ 85040. Phone 
(602) 437-1520. 

Circle No 384 


et your high-volu 
(I Transistors: NPN and PNP general purpose, medi 


a Diodes: high-speed swi 


_increasing its producti 


~ FERRANTI 
Semiconductors _ 
d in: U.S.A., Commack, NY, 516-543-0200; 


5; W. Germany, Munich, 089-293871: Australia, Sydney, 
m, 08-520720; Belgium, Antwerp, (0) 


Sales Headquarters locate 
U.K., Manchester, 061-624-051 
612-290-1071; Sweden, Stockho} 


priced transistors and diodes. _ 


high voltage and Darlington. 


CIRCLE NO 32 


: tching (single and dual), varacto 
_ (Ferranti’s optimum profile is designed for both hybrid as 
. and surface mounting using adhesin 

_] All devices are molded in silicone plastic to permit higher t 
|] Ferranti has been supplying SOT-23's for over twelve years and is constantly 

| on Capability. 


emper 


3/230-45 © O09 or 14. 


_Ferranti, one of the world’s largest SOT-23 si p 
me production needs with a full ra 


ture performance. 


For the first time you can CENTIGRID style can.And make RF characteristics up through 


drive an electromechanical relay no mistakes... it is a Centigrid UHE 

directly with the signals of most relay granted QPL approval to The new Centigrid is avail- 

logic families—including CMOS. MIL-R-28776/6 and /7 Its rug- able in both general purpose 

That means simpler board layout gedness and proven contact (116C) and sensitive (136C) ver- 

problems and reduced compo- reliability are industry bywords. sions. Call or write today for 

nents counts for greater reliability. Ultraminiature Centigrid complete information or applica- 
The new Centigrid'relay relays have proven extremely tions ideas. 


incorporates a power FET driver effective in applications where 
in the input to amplify the signal, high board density and close 


protects it with a large Zener board spacing are higaiee oe 

diode, and packs it all together power requirements make thems #gu 

with a DPDT relay and coil exceptionally valuable for battery s™ TELEDYNE RELAYS 
suppression diode in a tiny operation, and they have excellent Innovations In Switching Technology 


12525 Daphne Ave., Hawthorne, California 90250 ° (213) 777-0077 
European Hats: Abraham Lincoln Strasse 38-42, 6200 Wiesbaden, W. Germany * 06121-768 
Belgium Sales Office: 181 Chaussee de la Hulpe, 1170 Brussels * (2) 673-99-88 
U.K. Sales Office: Heathrow House, Bath Rd., Cranford, Hounslow, Middlesex, TW5 9QP * 1-897-2501 
Japan Sales Office: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo, 150 Japan ° (3) 797-6956 
France Sales Office: 85-87 Rue Anatole-France, 92300 Levallois-Perret * 1-7587160 
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-Pickandplace. 


Put more performance, more quality and more dependability on your boards with 7 
ROHM surface mounting technology. ROHM offers all the standard SMD parts, types, f } 
packages and performance — or you can have more, including ultra-compact chip 


Cov, 
resistors; precision (1%) tolerance chip resistors; chip resistor arrays; leadless diodes, competitive 


rectifiers and zeners; small signal transistors in SOT-23 and various other SO 

packages and many new SOICs. All with ROHM’s incredible single and double-digit edge Rot 
PPM levels and multi-billion-piece production capacities to assure 

reliabilty and delivery. Find out more today. Call ROHM at ° 

1-800-854-3386, ext. 29 (in California dial 714-855-2131) In SM Ds. 

or write ROHM CORPORATION, 8 Whatney, P.O. Box 1951 a; 


Irvine, CA 92713. TWX: 910-595-1721 Make it VYOUIS. 
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NEW PRODUCIS 


COMPUTER-SYSTEM SUBASSEMBLIES 


SERIAL I/O BOARD 


@ Offers eight multiprotocol serial 
channels 

® Channel data rates are between 
110 and 38.4k bps 


The ISIO-1 board for the VME Bus 
offers eight multiprotocol serial 
channels that handle 9.6k-bps com- 
munications simultaneously. The 
software lets you program individu- 
al channel data rates between 110 
and 38.4k bps. The board employs 
the 68562 communications chip with 
protocols that include HDLC, 
SDLC, X.21, X.25, and standard 
asynchronous communications. 


Each channel provides RS-232C- or 
RS-422-compatible receiver and 
transmitter signals. Serial commu- 
nications take place over the board’s 
VME Bus P2 connector. The board 
also includes 128k bytes of RAM, 


PROGRAMMER CARD 


e Programs standard EPROMS 
@ Drives a parallel port 


The 871 PROM-programmer card 
operates in STD Bus computer sys- 
tems and lets them program both 
97256 or 27512 EPROMs. The card 
includes a parallel I/O port that you 
can use to drive a standard printer 
or to perform general-purpose I/O 
operations. The card extends the 
programming sockets beyond the 
limits of a normal STD Bus card, so 
you can use the 871 in a card cage or 


eard rack without employing an ex- 
tender card. The programmer’s cir- 
cuits are completely under software 
control. High-level software that 
comes with the programmer lets 
you run the board with the manu- 
facturer’s STD Bus-compatible 
cards. You can also drive the pro- 
grammer with assembly-language 
routines, or from Robasic or STD- 
Basic programs. $195. 

Octagon Systems Corp, 6510 W 
91 Ave, Westminster, CO 80030. 
Phone (303) 426-8540. 

Circle No 386 
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which you can upgrade to 512k 
bytes. Sockets also let you add a 
128k-byte EPROM to the board. 
$2195. 

Force Computers Inc, 727 Uni- 
versity Ave, Los Gatos, CA 95030. 
Phone (408) 354-3410. 

Circle No 387 


PRINTER/EMULATOR 


@ Emulates the operations of a 3287 
printer 

@ Software for serial- and parallel- 
I/O printers 


Instead of purchasing an IBM-3287- 
type printer, you can add an Idea- 


comm 3287 printer/emulator board 
to an IBM PC or a compatible com- 
puter and have the computer emu- 
late the operations of a 3287 printer. 
The printer/emulator’s functions 
are driven by software that make 
installation easy, according to the 
manufacturer. A software-driven 
front panel duplicates the features 
of a 3287 printer, thus letting you 
set the number of lines per inch, 
test, spacing, error code, reset, and 
other operations. The board’s con- 
figuration software lets you set up 
the software for popular serial- and 
parallel-I/O printers that connect to 
an IBM PC or a compatible comput- 
er. An extra utility program lets 
you set up the software for printers 
not listed by the manufacturer. 
Board and software, $795; software 
alone, $395. 

IDEAssociates Inc, 29 Dunham 
Rd, Billerica, MA 01821. Phone 
(617) 663-6878. TLX 4979780. 

Circle No 388 
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How much do 
we want your 
snap switch, 
business? 


We'll tell you why doing business with 

Unimax is worth more to you. We'll give you all 
the benefits you expect from a major switch supplier. 
And more. 

Like switch performance you can take for granted, 
because we don't. Delivery dates you can arrange 
and then forget, because we won’t. Custom 
engineering that meets your designs, not 
ours. And prices that, quite simply, make 
our competition sweat. <= 

To discover why Unimax should be ” 
your complete source for switches, 
just ask us! 


Call for the location of your nearest 
distributor or sales representative. 


GC /Unimax 
Ives Road, Wallingford, CT 06492. (203) 269-8701. 
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A 


DYNAMIC RAM 
@ VME Bus memory to 4M bytes 
@ 12M-byte/sec transfer rate 


Offering capacities of 1M, 2M, 3M, 
or 4M bytes, the MM-6300D is a 
dual-port dynamic RAM that’s com- 
patible with VME/VMX82/VSB 
systems. Because it’s housed in a 
dynamic-RAM single in-line pack- 
age, it can operate at data-transfer 
rates as high as 12M bytes/sec. An 
8-bit control-status register (CSR) 
in the short-I/O address space 
stores and reads byte-wide parity 
errors detected on the VME Bus. 
You can set one of the CSR bits to 
write and read wrong parity for 
diagnostics. By setting another 
CSR bit, you can disable the VME: 
Bus and change the VMX32/VSB 
Bus into a private port. Two other 
CSR bits control each of the 4M- 
byte segments through the VME 
Bus. The board specs a cycle time of 
275 nsec and an access time of 200 
nsec, and it offers 8-, 16-, or 32-bit 
nonaligned data transfer. You can 
select two independent memory 
banks by jumpers on 64k-byte 
boundaries. 4M-byte version, 
$2395. 

Micro Memory Inc, 9540 Vassar 
Ave, Chatsworth, CA 91311. Phone 
(818) 998-0070. : 

Circle No 389 


HOST ADAPTER 


@ VAX-SCSI interface 
e Implements DEC’s MSCP 


The UC14 Unibus host adapter con- 
nects a DEC PDP-11 or VAX-11 
Series computer to the SCSI and 
implements DEC’s mass storage 
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control protocol (MSCP). The manu- 
facturer’s host adapter combines 
with its S2/SCSI, ESDI, and ST506 
disk and tape controllers; you can 
choose from a variety of high-capac- 
ity 5%4-in. Winchester disk drives 
and %4-in. cartridge tape drives. 
The adapter features adaptive 
DMA, optical-disk-drive support, 
an SCSI-protocol controller, a 20k- 
byte data-storage buffer, and 18-bit 
addressing. The adaptive-DMA 
function releases the bus to other 
DMA devices that have a lower pri- 
ority, based on bus requests. $2200. 
Emulex Corp, Box 6725, Costa 
Mesa, CA 92626. Phone (800) 368- 

5398; in CA, (714) 662-5600. 
Circle No 390 


FROM DELEVAN 
DIVISION 


Surface Mountable Molded Inductors - 
Unshielded designs from .10 to 1,000 
microhenries, 10%. Shielded components 
up to 560 microhenries, +10%. Symmetrical 
configuration simplifies mounting. 


CIRCLE NO 81 


FROM RESISTIVE 
PRODUCTS 
DIVISION 


1% Metal Film Resistors th watt, 100 ppm. 
10 Q to 1.0 MEG Q exceeds MIL R-10509. 
Type RN55D. Standard E.1.A. packaging. 


CIRCLE NO 159 


FROM OUR 
DELCAP DIVISION 


ESDI CONTROLLER 


@ VAX disk controller 
@ Controls 10M-bps drives 


Designated the MLSI-ESDI-RM 
for Q Bus computers and the MV- 
ESDI-RM for MicroVAX II comput- 
ers, this ESDI controller has a max- 
imum data-transfer rate of 2.45M 
bytes/sec. This rate allows the con- 
troller to run with disk drives that 
operate at 5M- or 10M-bps transfer 
rates. The controller is certified to 
operate hard-sectored drives—such 
as the Siemens 13800, Micropolis 
1355, and Fujitsu 2246E—that have 
a 10M-bps data-transfer rate. The 
controller can run two _ physical 
drives and can map two logical units 
per drive. Disk-drive sizes range 
from 67M bytes to more than 4G 
bytes (formatted). Consecutive sec- 
tors of data can be transferred at a 
20-MHz max serial data rate (2.45M 
bytes/sec) without sector interleav- 


Multilayer Ceramic Chip Capacitors, 
Surface Mountable. Meets or exceeds 
applicable portions of RS-198 and 
MIL-C-55681 class |-COG(NPO) from 
10pFd thru .01uFd. Class Il X 7R from 
47pFd thru 0.22uFd. 


CIRCLE NO 120 
Manufactured by American craftsmen in 
our Western New York, state-of-the-art 


facilities... your assurance of reliable 
performance. 


AMERICAN 
PRECISION 


INDUSTRIES INC. 


270 Quaker Rd., East Aurora, NY 14052-0449 
716-652-3600 TELEX 91-293 
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ing. Other features include multi- 
level interrupts and self test at pow- 
er-on or system reset with visual 
pass/fail diagnostic indications. 
MLSI-ESDI-RM, $1671; MV-ESDI- 
RM, $1707. 

MDB Systems Inc, 1995 N Bata- 
via St, Orange, CA 92665. Phone 
(714) 998-6900. TWX 910-593-1339. 

Circle No 391 


GRAPHICS CONTROLLER 


® Controller for the G-64 Bus 
® 640X256-pixel resolution 


The GESVIG-3, built on a single- 
height Eurocard, is compatible with 
the standard G-64 Bus and can dis- 
play images with resolutions of 
256 x 640 pixels. Each pixel can dis- 
play 16 different colors at the same 


SWITCHING 
POWER SUPPLIES 


DHIHONG 


HAVE YOU HEARD OF US? 
We’ve been in the power 

conversion business for over 

: 15 years, building everything from 
\\I5 watt linears to 1I5KVA UPS. Our 45,000 
sq.ft. factory uses the latest in statistical 
process control and our experienced engineers can 
provide you a design to meet your specific requirements. 
Here is a list of just a few of our standard products. 


For factory direct sales + service. 


Please contact PHIHONG USA, INC. 204 LOS GATOS BLVD. 
LOS GATOS, CA. 95030, TEL: (408) 395-9222, FAX: 408-395-3075 


SINGLE OUTPUT 


. mit ie 1.3 1.0 0.7 L-BRACKET 3.87 x 3.81 x 1.37 
PSA-25 UL 25 5.0 | 2.8 2.1 1.7 1.1 L-BRACKET 4.58 x 3.81 x 1.37 
PSG-50 UL 50 10.0 | 5.6 4.2 3.4 2.1 L-BRACKET 6.37 x 4.03 x 2.00 


| o/P POWER | +SV_[+12V[-12V]_ MOUNTING DIMENSION (INCH) 
0.1 


PSA-513 UL/ TUV 2:5 OPEN P.C.B. 6.30 x 3.94x 1.77 
PSA-523BU UL/CSA 50 5.0 8 5 BOXED 5.67 x 3.15x 1.89 
PSA-523TU —- UL/CSA 50 5.0 2.5 | 0.5 L-BRACKET 5.67 x 3.15 x 1.89 
PSA-533 — UL/CSA/TUV 60 5.0 5 5 OPEN P.C.B. 6.30 x 3.94x 1.87 


MOUNTING 


|| ee 
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PSA-55-1 UL/CSA 
PSA-55-2 UL/CSA 

5-3 ULICSA 
ULICSA 


7.75 x 4.25 x 2.25 


UL/CSA 
PSA-60-3 UL/CSA 
PSA-1354 UL/CSA 
PSA-1504 UL/CSA 
PSA-2004 UL/CSA 


OMNAWOWWOW 
ONNONMONO 
S999999900 
Nannon n~a sss 


BOXED WITH FAN | 8.34x 5.90 x 5.90 
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time. An onboard color look-up chip 
allows you to choose these colors 
from a palette of 4096 colors. The 
controller is software programma- 
ble and can operate in either Euro- 
pean 50-Hz or American 60-Hz for- 
mats. The controller uses a graphics 
processor that can recognize and 
execute several basic commands 
(eg, automatic vector drawing). The 
processor and its on-chip character- 
generator ROM can generate text in 
various sizes, orientations, and 
styles. You can connect the board to 
any monitor through its RGB and 
synchronization outputs. GESVIG- 
38, $990; GPS graphics software 
package, $195. 

Gespac Inc, 100 W Hoover Ave, 
Mesa, AZ 85202. Phone (602) 962. 
5559. 

Circle No 392 


REAL-TIME INTERFACE 


@ 15-nsec Multibus link 
© Expands Multibus 
across multiple chassis 


systems 


The Syner-System Repeater 2100 is 
a high-speed, Multibus-to-Multibus, 
real-time interface that has a worst- 
case propagation delay of 15 nsec, 
chassis to chassis. Its primary appli- 
cation is the expansion of Multibus 
Systems across multiple chassis. 
You can accomplish both system ex- 
pansion and multiple-system inte- 
gration without additional soft- 
ware, hardware, or intermediate 
controllers. The interface uses a 
dual, synchronized state-machine 
architecture to control which chas- 
sis (primary or expansion) contains 
the bus master. All address, data, 
and control signals supply 48-mA 
sink capability. Signal transfers are 
asynchronous and bidirectional and 
use 5-nsec transceivers. Worst-case 
system overhead is 55 nsec, exclud- 
ing cable delay. User-configured 
jumpers allow you to select clock 
signals from primary or expansion 
systems; an independent or mutual 
Init signal for each cage; parallel- or 
serial-bus priorities, even if  pri- 
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Potter & Brumfield 


solves your design puzzle _ 


with the industry's 
lowest priced DIP 
SSRs and I/O 


modules. 


42 New DIP Models oe 
Now PsB quality and the lowest pricesinthe 
industry join to provide the perfect solution to ~ 


your design puzzle. Our 42 new solid state relays 


and |/O modules are the ideal interface between 
your microprocessors or control systems and 
real-world sensors and loads. These hybrid thick 
film devices are optically isolated from input to 
output and are available in standard and surface- 
mountable DIP packages. All models meet appli- 
cable UL, CSA, & VDE requirements. 


Solid State Relays 
The new OZ16 SSR series brings PsB quality to 
your 5mA to 1A rms switching chores. Input to the 
OZ16 can be either TTL-compatible 5V DC or DC 
current. Output circuitry features a zero voltage 
detector and inverse parallel SCRs. And 

output rating is 12 to 280V AC. 


1/O Modules 
Four different product lines allow gagms 
you to meet a variety of your 1/O = 
needs. Input modules provide an 
active low output; output modules 
can be controlled from active low or 
active high logic. AC output modules 
use zero crossover switching to virtu- 
ally eliminate transients and generated ™ 


Potter & Br umfield A Siemens Company a ge S 
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<n = 
S 4 


/ 


EMI noise. And the IA8 series, which occupies 
just half the space of 16-pin models, can act as an 
AC/DC input module or a DC output module. 


Find Out More 


Complete your design puzzle with PaB quality— 
and the lowest price in the industry. To find out 
more about PsB relays and I/O modules, or for a 
copy of our new 1986/1987 General Stock Cata- 
log, contact us today. Call toll-free 1-800-255-2550 
for the name of your nearest PaB distributor 

or sales representative. Potter & Brumfield, 

A Siemens Company, 200 South Richland Creek 
Drive, Princeton, Indiana 47671-0001. 


Regional Sales: Braintree, MA, (617) 848-6550; San wo. 
Juan Capistrano, CA, (714) 493-4503; Princeton, IN, g s 
(812) 386-2130. ie & 

? 


450 
ye 
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mary and expansion systems differ; 
independent interrupt control to 
prevent retransmission to other 
chassis; and disabling of all inter- 
rupts in either direction or both 
directions. $1495. 

HVE Engineering Inc, 1684 Dell 
Ave, Campbell, CA 95008. Phone 
(408) 370-4666. TLX 467956. 

Circle No 393 


MULTIBUS PROCESSOR 


@ Multibus single-board computer 
@ 1M byte of RAM 


The MV30/35 is an enhanced 8-MHz 
Multibus single-board computer. 
It’s based on the NEC V380 Series 
processor and has 1M byte of dual- 
port parity RAM, and sockets for 
the 8087, the 8089 DMA controller, 
and four 28-pin EPROMs (to a total 
of 256k bytes). It derives its I/O 
support from two 16-bit-wide SBX 
connectors and programmable par- 


allel and serial I/O ports. Other fea- 
tures include three independent 
counter/timers, a programmable in- 
terrupt controller, programmable 
PROM disable, onboard status 
LEDs, and a 4-bit page register. 
The computer is software compati- 
ble with Intel’s iSBC 8630 and 8635 
computer boards. It’s available with 
Concurrent DOS and can operate at 
10 MHz. $1095 (OEM qty). 
Comark Corp, Box 474, Med- 
field, MA 02052. Phone (617) 359- 
8161. TLX 703156. 
Circle No 394 


INTERFACE ADAPTER 


@ Links VME and Bitbus systems 
© Includes firmware 


The dDCM804 board provides an 
interface between instruments and 
controllers that use the SDLC (syn- 
chronous data-link control) Bitbus 
and computer systems that use the 


VME Bus. The board includes a 
bidirectional FIFO buffer, which 
you control by using interrupt- 
based or polled-I/O software that 
runs on the host VME Bus comput- 
er. Three JEDEC memory sockets 
provide one 8kx8-bit EPROM and 
two 8kx8-bit static RAMs for data 
and program storage. Firmware 
that controls the board’s operation 
includes the iDCX51 OS and the 
manufacturer’s remote access and 
control (RAC) and Modname soft- 
ware. The module provides SDLC 
self-clocked communications at 
62.5k and 375k baud and synchro- 
nous support to 2.4M bps. $575. 

Delivery, eight weeks ARO. 
Datem Ltd, 148 Colonnade Rd, 
Nepean, Ontario, Canada K2E 7R4. 
Phone (618) 225-5919. TLX 0533864. 
Circle No 395 


_ The Complete 


“Palet” of Power 
Semiconductors 


for all Welding 
Equizment 


@ high quality 
@ standard packaging 


@ for rectification available from stock 
@ high current and frequency types 


available (20 kHz). 


For further information please contact: 


Brown Boveri & Cie - Aktiengesellschaft 
_Geschaftsbereich Halbleiter, HL/MA 1 


Semiconductor Division 


P.O. Box 1180, D-6840 Lampertheim 
Phone (06206) 503-1, Telex 462 411602 bbd 


Visit us at the Intern. Trade Fair ’Electronica 86’ Nov. 11-15 Munich FRG-Hall 23, Stand 23C1 
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WHEN YOUR ELECTRONIC SYSTEM 


NEEDS THE BEST IN STANDARD LOGIC 


HERE'S A 
TRULY EUROPEAN 
BROAD-BASED 


~ TECHNOLOGY AND SERVICE 
TO MEET YOUR SEMICONDUCTOR 


OMPONENT NEEDS. 


Technology 
and Service 


SGS THE TOTAL LOGIC SOURCE 
FOR ALL YOUR ELECTRONIC SYSTEM APPLICATIONS 


Three major logic families, 
Low Power Schottky, 
CMOS4Q00B and High Speed 
CMOS, meet the major 
system needs of today - and 
tomorrow. SQS is firmly 
committed to supporting all 
three families. 


WIDE RANGE 
All three types extensively cover 
the most popular functions and 
a continuing development program — 
aims at extending and improving 
even further all product ranges. 

And SGS logic is available in all the 
most commonly used plastic and 
ceramic dual-in-line packages as well 
as Surface mounting types. 


THE SERVICE YOU NEED 
SGS has invested heavily in new 
5 facilities and the most modern 
Production equipment to meet your 
logic needs both today and in the future. 
Particular attention has been paid to 


Improvements in efficiency, quality and Tecnology and SN" 

repeatability of all processes. Givingyou : 
competitive costs and quality. } ‘Logfer valid —g 
RIGHT HERE IN EUROPE ee = 
Wafer diffusion plants, assembly/test Can anyone else offer so much? 

locations, 15 sales offices and 6 design centers all To find out more about what is on offer from the 

right here in Europe. Plus one of the industry's most complete logic source just fill in the card, we'll be 
complete product ranges and competitive quality. pleased to send you the latest information. 


SGS. A Truly European Broad-Based Semiconductor Manufacturer. 
a 


CORPORATE HEADQUARTERS - SGS Microelettronica SpA, Via C. Olivetti 2 - 20041 Agrate Brianza - Italy. Tel: 039-65551 Telex: 330131 -330141 SGSAGR 
SGS is present in: Benelux, Eindhoven (NL), Tel: 040-433566, Telex: 51186 SCSEI NL + Brazil, Sao Paulo, Tel: 011-853-5062, Telex: 37988 UMBR BR « Denmark, Herlev, Tel: 02-948533, Telex: 35411 « France, 
Montrouge, Tel: 01-47460800, Telex: 250938 F « Hong Kong, Hunghom, Kowloon, Tel: 03-644251/6, Telex: 33906 ESGIE HK Italy and South Europe, Assago (MI), Tel. 02-8244131 , Telex: 330131 -330141 SGSAGR « 
Japan, Tokyo, Tel. 3-3788161 + Korea, Mapo (Seoul), Tel: 712-7071/2/3, Telex: K 26493 « Singapore, Singapore, Tel: 482-141 1 , Telex:RS55201 ESGIES« Spain, Madrid, Tel: 01-7337043, Telex: 41414 » Sweden, Marsta, 
Tel: 0760-40120, Telex: 054-10932 + Switzerland, Grand-Saconnex (Geneve), Tel: 022-986462/3, Telex 28895 « Taiwan-Republic of China, Taipei, Tel: 2-772 8203, Telex: 10310 ESGIETWN « United Kingdom, 
Aylesbury, Tel: 0296-5977, Telex: 051-83245 + USA, Phoenix, Tel: (602) 867-6100, Telex: 249976 SGSPH UR + West Germany, Crafing bei Miinchen, Tel: 08092-690, Telex: 05 2737, 
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NEW PRODUCTS 


_ GATE ARRAYS 


@ Operate at frequencies higher 
than 100 MHz 
@ Use differential logic 


Utilizing 1.5-~m bipolar technology 
and differential-logic circuitry, DS 
Series ULAs (uncommitted logic ar- 
rays) operate at frequencies in ex- 
cess of 100 MHz. Each array’s basic 
gate specs a l-nsec propagation 
delay and 130-yW power dissipa- 
tion. Flip-flops toggle at 250 MHz 
and have 300-~W average power 
dissipation and a 1.5-nsec clock-to- 
output propagation delay. Peripher- 
al I/O cells allow you to integrate 
special digital and linear functions, 
and on-chip bus drivers provide 
48-mA output sink capability. From 
$2.90 (OEM qty). : 
Ferranti Electronics Ltd, Fields 
New Road, Chadderton, Oldham, 
Lancashire OL9 8NP, UK. Phone 
(0616) 240515. TLX 668038. 
Circle No 396 
Ferranti Interdesign Inc, 1500 
Green Hills Rd, Scotts Valley, CA 
95066. Phone (408) 438-2900. 
Circle No 397 


8-BIT DAC 


e Provides differential current out- 
puts 

@ Has ECL-compatible data and 
control outputs 


The SP97618 is a 250-MHz, 8-bit 


DAC with %4-LSB linearity, differ-_ 


ential current outputs, and inher- 
ently low-output glitch energy. It 
operates from a —5.2V supply and 
has ECL-compatible data and con- 
trol inputs. In video applications, 
special control inputs allow you to 
generate sync pulses or set the out- 
put to a blank, bright, or forced- 
high level. The device comes in a 
24-pin DIP and has an operating 
range of —40 to 85°C. £13.60 (1000). 
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Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wiltshire 
SN2 2QW, UK. Phone (0793) 36251. 
TLX 449637. 

Circle No 398 

Plessey Semiconductors, 3 
Whatney, Irvine, CA 92718. Phone 
(714) 951-5212. TWX 910-595-1930. 

Circle No 399 


TELEPHONE IC 


@ Functions 
amplifier 
@ Gain is programmable 


The TEA7031, an IC enclosed in a 
28-pin DIP, functions as a loud- 
speaker amplifier. It can also func- 
tion as an anti-acoustic feedback 
compensation system and a de 


as a _ loudspeaker 


MODEM 


@ Full-duplex CCITT V.21 unit 
e Fits inside other equipment 


The AMO0101 is a full-duplex CCITT 
V.21 modem that derives its power 
directly from the telephone line. 
The unit measures 115x6012 mm 
and thus fits inside other equipment 
without requiring further telephone 
authority approval. A standard 


switching regulator—components 
that you need in order to implement 
a speakerphone. Because these com- 
ponents are electrically isolated, 
you can use them individually. The 
loudspeaker amplifier operates from 
2.5 to TV de and consumes less than 
1.5 mA. When operating from 38V, it 
ean deliver 3V p-p into a 50© loud- 
speaker load. The amplifier’s gain is 
programmable, either linearly or in 
6-dB increments. When the power 
required for output exceeds that of 
the available power-supply output, 
an automatic gain-control system 
reduces gain and prevents distor- 
tion. The acoustic-feedback compen- 
sation circuit is adjustable and 
thereby eliminates mechanical and 
acoustic feedback. Besides provid- 
ing a 2 to 5V supply for a 1-chip 


the telephone line; the interface to 
user equipment is via optocouplers. 
You can drive the transmit opto- 
coupler from either TTL or CMOS 
logic. Approximately £50 (OEM 
qty). 

Astec Europe, 8b Portman Rd, 
Reading, Berkshire RG3 1EA, UK. 
Phone (0734) 509411. TLX 848047. 

Circle No 400 
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microcontroller, the de regulator 
also generates halt, reset, and ring- 
detection signals for the microcon- 
troller. $2.50 (1000). 

Thomson Semiconducteurs, 45 
ave de l’Europe, 78140 Velizy, 
France. Phone (1) 39469719. 

Circle No 401 

Thomson Components-Mostek 
Corp, 1310 Electronics Dr, 
Carrollton, TX 75006. Phone (214) 
466-6000. 

Circle No 402 


RELAYS 


® AC switching of 25A at 415V 
© Has visual on/off indicator 


RM&8& Series relays measure 


48x38.3385.3 mm and have two 
changeover contacts with an ac 
switching capability of 25A at 415V, 
and a switching-power rating of 
6000 VA. Their motor-control rating 
is 2 hp at 240V ac, with a contact- 


Even your most unusual DIP switch circui 
be met by Grayhill. Your choices include 2 


= Reliability-proven, 
spring-loaded, sliding-ball 
contact system tested to 
15,000 operations 

® 100% electrical inspection 


Available off-the-shelf from Grayhill or your local Grayhill 
distributor. For FREE literature, including specifications, prices 
and the location of your nearest distributor, contact: 


ray hill 


CIRCLE NO 35 
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requirements can 
3l,orol,4FSi, 
SPDT and DPDT, in addition to our complete range of SPST 
models. And your choices don’t stop with circuitry— Grayhill also 
provides a complete range of actuations and sizes for your 
special-circuitry DIPs: slide, raised or recessed rocker, or tog- 
gle; 1 through 5 stations, depending on circuitry and actuation. 


GRAYHILL DIP SWITCH FEATURES 

= Epoxy-sealed base 
standard, optional top seal 
available (except toggles) 

# 100% pin straightening 


561 Hillgrove Avenue, P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 
Phone: (312) 354-1040 TLX: 6871375 
TWX: 910-683-1850 FAX: (312) 354-2820 


INTERNATIONAL 


make current capability of 72A. The 
relays are available with de coil rat- 
ings ranging from 6V and 220V; ac 
coil ratings range from 6V and 
380V. The standard version has a 
visual on/off indicator and is suitable 
for panel mounting. Using an op- 
tional adapter, you can mount the 
relays on DIN-standard rails. Spe- 
cial versions are available with a 
push-to-test button or a lamp that 
indicates actual relay operation. 
$6.60 (100). 

Schrack Elektronik AG, 12 
Pottendorfer Strasse 25-27, A-1121 
Vienna, Austria. Phone (0222) 8501. 
TLX 31591. 

Circle No 403 


KNOW? 


Ten times a year 
EDN publishes EDN Career 
News, the fastest-growing 
newspaper focused solely 
on the career and 
professional development 
concerns of engineers in 


Schrack North America Inc, 3 


Westchester Plaza, Elmsford, NY 


10528. Phone (914) 592-1305. 
Circle No 404 


DRIVER IC 


@ Interface between wPs and needle 
solenoids 

®@ Contains four npn Darlington 
switches 


Incorporating four npn Darlington 
transistor switches, together with 
output clamping diodes and pre- 
driver stages, the L6221 quad driv- 
er interfaces ~P systems to needle 
solenoids, or to similar inductive 
loads. Each switch has a 1.8A de 
current rating and an output-sus- 
taining voltage of 50V. A common 
output-enable function is provided 
for the four switches. The IC incor- 
porates internal circuitry to elimi- 
nate output glitches when you 
power up and power down the de- 
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surface 
mount 


inductors 


MM Epoxy molded 
package. 


ACTUAL SIZE 


Mi Wide inductance 
range--.010 to 
100.OpH. 


M@ Modified ‘‘J"’ lead 
terminations. 


WM internal welded 
terminations. 


Mi Low temperature 
coefficient of 
inductance. 


Mi Packaging--8mm tape. 

MM Tin plated terminals 
for compatibility . 
with variety of a 
soldering oo 
processes. 


For complete information 


Call 716-532-2234 


or write today 


GOWANDA 


GOWANDA ELECTRONICS CORP. 
NO. 1 INDUSTRIAL PLACE 
GOWANDA, NEW YORK 14070 


Made in U.S.A. 
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vice. The drivers are available in a 
15-lead Multiwatt package for high- 
power applications, or in a 16-pin 
power DIP which uses the four cen- 
ter pins to conduct heat from the die 
to the pe board. $1.60 (100). 
SGS-Ates, Via C Olivetti 2, 20041 
Agrate Brianza, Italy. Phone (039) 
65551. TLX 3301381. 
Circle No 405 
SGS-Semiconductor Corp, 1000 
E Bell Rd, Phoenix, AZ 85022. 
Phone (602) 867-6100. 
Circle No 406 


COMPUTER 


e Based on DEC 15-MHz J-11 chip 
set 

@ 256k bytes of dual-port cache 
memory 


Based on DEC’s 15-MHz J-11 chip 
set and containing 256k bytes of 
150-nsec, dual-port cache memory, 
the ACC 2180 Starburst single- 
board computer runs the RT-11, 
RSX-11M, or Unix operating sys- 
tems and supports the Basic, C, 
Pascal, and Fortran programming 
languages. The board has a built-in 
Camac (IEEE-5838) interface, plus a 
Q22 Bus interface, which is brought 
out through a front-panel connector 
for ribbon-cable connection to a Q22 
Bus backplane or mass-storage de- 
vices. A V24 console interface is 
also provided. The board supports 
real-time interrupts and software 
interrupts for synchronization pur- 
poses in multiprocessor systems. 
DEC-compatible workstations in- 
corporating the board are also avail- 
able. ACC 2180, Sw fr 7950; work- 


SIMULATE 
LOGIC & 
GENERATE 
TEST 
PROGRAMS 
ALL ON 
YOUR PC. 


A=-~C<s4.0 Ns? 


STUCK HIGH? 
STUCK LOW? 


C=A+B? 
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DASH-CADAT PLUS reduces 
manual methods of verifying timing, 
generating test vectors, and debug- 
ging logic from days to just hours. 
With a 32-bit co-processor, It gives 
you power that rivals a mainframe, 
for a fraction of the cost. Menus and 
a waveform display similar to a logic 
analyzer, make it extremely easy 
10 USE. 

FutureNet’s® DASH™-CADAT 
PLUS simulates logic designs of up 
to 30,000 gates. And it provides 
industry standard concurrent fault 
simulation for ASICs and PCBs, 
allowing you to develop fully testable 
designs. 

Send for your FREE demo disk, 
and find out how easily you can 
simulate logic 
and generate 
complete test 
programs. 


FutureNet 
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SEND TO: EDN100286 
Data |/O Corporation, FutureNet Division 

Attn: Marketing Communications 

10525 Willows Rd. N.E., P.O. Box 97046 

Redmond, WA 98073-9746 


[| YES, send me a free demo disk. 
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creates dangerous illusions. 

In concentrating on ever higher fault 
coverage and greater throughput, do 
your test strategies remain flexible 
enough to meet constantly changing 
demand? 


Or could they lead right back to 
your starting point? 


ATE = 
Applied Test Engineering 


AtFACTRON we have this new 
translation of ATE. 


Anew level of customer support 
in response to new challenges. 
Help from engineers with a complete 
understanding of test and test 
problems. Expertise you Can call in at 
the earliest stage of product 
development to work with you and 
solve problems before they have a 
chance to affect production. 


Help for your Company Worldwide 
There are few companies with 


the capability, let alone the knowledge, 


FACTRON SCHLUMBERGER, Europe: Ferndown Industrial Estate, Wimborne, Dorset BH217PP. U.K. Tel: (0202) 893535 
FACTRON SCHLUMBERGER, U.S.A: 299 Old Niskayuna Road, Latham, New ¥ ork 12110. Tel: (518) 783-3600 
NISSEC SCHLUMBERGER, Japan: 1-2-10 Hirakawacho, Chiyoda-ku, Tokyo 102. Tel: (03) 2397411 
SCHLUMBERGER SYSTEMS, Singapore: 12 Lorong Baker Batu, Singapore 1334. Tel: 7466344 


BENELUX Holland Tel: (040) 457745, FRANCE Tel: (1) 4687 3243. GERMANY Tel: (089) 638110. ITALY Tel: (2) 9233474. SWEDEN (8) 699733 


FACTRON AGENTS/DISTRIBUTORS 
SPAIN Tel: (1) 2624913, SWITZERLAND Tel: (31) 442711, TURKEY Tel: (1) 3383529 


Partners in Productivity 
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Our business is to 
provide test solutions 


Today's technological revolution — to help you on this scale. FACTRON is 


| _INTERNATIONAL 


stations from approximately Sw fr 
20,000. 

Creative Electronic Systems, 70 
route du Pont-Butin, 1213 Petit- 
Laney 1, Switzerland. Phone (022) 


such a company. 925745. TLX 421320. 


Circle No 407 


Large engineering teams in 
Europe and the U.S.A. backed by 
support capability throughout the 
world. Immense resources already far 
advanced in solving the problem of 
integrating design with test. 


Do we genuinely mean you to 
consult us at the onset of product 
development? Yes. Because we Can 
evolve test solutions to prevent them 
becoming test problems. We can 
show optimal routes or even suggest 
different approaches that could 
increase production or reduce costs, 
or both. 


DEVELOPMENT SYSTEM 


@ Contains 68000 CPU and 1M byte 
of dynamic RAM 

e Runs under OS-9/68000 or 
Versados 


Housed in a 3U, 19-in. desktop cabi- 
net, the VME 2000 multiuser devel- 
opment system features a 68000 
CPU card, a 1M-byte dynamic RAM 
card, and an intelligent mass-stor- 
age controller card. Mass-storage 
devices include a 640k-byte floppy- 
disk drive, a 20M-byte Winchester, 
and an optional 25M-byte tape 
drive. The system has three RS- 
232C serial ports and 40 program- 
mable I/O lines. The development 
system is available with either the 
OS-9/68000 or Versados operating 
systems. You can expand it by plug- 
ging suitable single-Eurocard 
boards into the five spare VME Bus 
slots or into the five spare IIOC 
(Intelligent I/O Channel) slots. 
$8995. 

PEP Elektronik Systeme 
GmbH, Am Klosterwald 4, D-8950 
Kaufbeuren, West Germany. Phone 
(08341) 8974. TLX 541288. 

Circle No 413 

PEP Modular Computers Inc, 
600 N Bell Ave, Pittsburgh, PA 
15106. Phone (800) 228-1737; in PA, 
(800) 255-1737. 


Your test solution is our business 


FACTRON capability is beyond 
that of the conventional ATE company 
just as FACTRON systems and service 
extends beyond the conventional. 
Just a phone call will demonstrate our 
readiness to solve your problem. 
Because our business really is to 
provide test solutions. 


Schlumberger 


Circle No 408 
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I/O BOARD 


@ Has four 68320 parallel-inter- 
face/timer ICs 
® Conforms to IEEE-488 spec 


The TSVME 405 double-Eurocard 
1/O board for VME Bus systems 
incorporates four 68230 parallel-in- 
terface/timer ICs to provide eight 
TTL-compatible, 8-bit, bidirectional 


I/O ports and four 24-bit program- 
mable timers. The electrical charac- 
teristics of the I/O ports conform to 
the receiver and driver require- 
ments of the IEEE-488 bus specifi- 
cation. You can program the drivers 
to have open-collector or totem-pole 
outputs. Each 8-bit port has two 
handshake lines, which you can use 
as interrupt inputs or as additional 


ee ee 


so hawa offers 


FOaUTCTION Series O 
to order. 
Maintenance free construction, 
stainless steel and plastic, 
appropriately finished to blend 
in well with a modern office 


or industrial environment. 


_ Werkstation desks designed 
with space for system options 
and a general purpose 
working area. 


_ 600ling devices and accesso! 
hardware. 


PLCs, electrica 
mog 


and electronic 


I/O lines. You can also use the timer 
control lines as additional I/O lines. 
All I/O lines are routed to front- 
panel connectors and to the board’s 
P2 connector. Fr fr 7900. 

Thomson Semiconductors, 45 
ave de l’Kurope, 78140 Velizy, 
France. Phone (3) 9469719. TLX 
204780. 


Circle No 409 

Thomson Semiconductors, VSI, 

761 E University, Mesa, AZ 85203. 
Phone (602) 962-9579. 

Circle No 410 


AC RELAYS 


®@ Size comparable to de-coil relays 
© Available with single-pole con- 
tacts for 380V ac or 220V de 


Measuring 25.9 x28.6x 13.3 mm, the 
Model 550 ac-coil relay’s size is com- 
parable to a de-coil relay. It’s avail- 
able with either 10 or 16A, single- 
pole contacts rated for 380V ac or 
220V de operation. The 10 and 16A 
contacts’ switching-power ratings 
for resistive loads are 2500 and 4000 
VA, respectively. Depending on the 
version you specify, coil-voltage rat- 
ings can be 6, 12, 24, 48, 60, 110, or 
220V ac. A sealed water-tight ver- 
sion is also available. Operating 
range is —40 to +50°C. DM 4.50. 

Hengstler Relais, Postfach 1249, 
D-7209 Wehingen, West Germany. 
Phone (074) 26680. TLX 760610. 

Circle No 411 

Hecon Corp, Box 247, 
Eatontown, NJ 07724. Phone (201) 
542-9200. 

Circle No 412 
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“Mirror, mirror, who's the clearest 
of them all?” 

“Both? 

There’s no magic to having as 
many second “originals” as you 
need when you specify Clearprint 
No. 1000H-EE or No. 1020-EE 
vellum. Both are manufactured 
specifically for use with engineer- 
ing-size electrostatic copiers 
such as the Xerox® 2080, Xerox 
2510” Shacoh® 36 Screen, and 
the Shacoh 920. 

Each generates permanent, 
transparent and reproducible 
copies. Each gives you the same 
unexcelled drafting, erasing 
and handling characteristics as 


the regular Clearprint vellum 
you started with. 

Like our regular vellum, Clear- 
print EE stock is manufactured 
of 100 percent new cotton fiber 
and treated with the same pro- 
prietary process we perfected 
more than 50 years ago. It doesn't 
crack. Or discolor with age. It's 
available in rolls and sheets; 

16- and 20-pound weights. 

Try the Clearprint difference 
for yourself. Return the coupon 
below and we will send you a 


LEARPRINT: 
Making paper work 
CIRCLE NO 75 


free kit containing a sample 
pad of regular Clearprint draft- 
ing vellum plus all the tools 
you need to demonstrate why 
it’s the industry standard. 


Please send me 
‘my free kit. 


Mail to:Clearprint Paper Co. 
P.O. Box 8703 
Emeryville, CA 94662. 


Phone 
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NEW PRODUCTS 


INSTRUMENTATION & POWER SOURCES 


6%2-DIGIT DMM 


®@ Offers 110-nV, 100-mQ, and 1-nA 
sensitivities 

@ Accepts other meters’ IEEE-488 
commands 


This 6%-digit system DMM, Model 
196, is a half-rack, 5-function unit 
that offers 100-nV, 100-mQ, and 
I-nA sensitivities. The device per- 
forms 1000 readings/sec with 3%- 
digit resolution. It’s fully program- 
mable over the IEEE-488 bus. The 
meter features 30-ppm, 90-day accu- 


racy in the 8V de range. Translator 
software, a standard feature of the 
meter, substitutes shorter, more 
understandable mnemonic com- 
mands for lengthy and often-re- 
peated lines of device-dependent 
programming code. The DMM’s em- 
ulation capability allows it to exe- 
cute programs written for other 
DMMs. $1395. 

Keithley Instruments, 28775 Au- 
rora Rd, Solon, OH 44139. Phone 
(216) 248-0400. TLX 985469. 

Circle No 442 
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80286 EMULATOR 


® E'mulates protected mode 
© Upgrades available for earlier 
models 


The 80286 ICE, a stand-alone, 12.5- 
MHz in-circuit emulator for the 
80286 yP, emulates the wP’s pro- 
tected mode. A trace memory allows 
the capture of 2046 words; each of 
these words equals a 72-bit pro- 
cessor cycle. You can use a hardware 
event or combination of events to 
break emulation, trace software se- 
quences, count events, or trigger 
outputs. The device operates with a 
variety of host computers, including 


262 


Sun, Apollo, VAX, IBM PC, and 
compatible machines. Options in- 
clude a RAM overlay memory with 
512k bytes of memory, a 16-channel 
logic-state probe, PC-driver re- 


mote-control software, a symbolic 
debugger, and a single-line assem- 
bler and disassembler. $11,495; up- 
grades, $6645. 

Applied Microsystems Corp, Box 
97002, Redmond, WA 98078. Phone 
(800) 426-3925; in WA, (206) 882- 
2000. 

Circle No 414 


WAVEFORM DIGITIZER 


© Monitors memory during 
capture 
@ 64k-word backup memory 


The Model DM-2350 dual-channel 
waveform digitizer works at 50M 
samples/sec and has a memory ca- 
pacity of 4k words/channel; a 32k- 
word/channel memory is optional. 
You can set the sample rate finer 
than the conventional 1-2-5 steps. 


The digitizer also features switch- 
able timebases, automatic advance- 
ment, and division of memory for 
tracking waveform data. Its IEEE- 
488 interface allows remote control, 
and its DMA function permits high- 
speed data transfer. Other features 
include monitoring of stored wave- 
forms; hard-copy output with auto- 
matic plotting; 64k-word battery 
backup of waveform data and mea- 
surement conditions; and a display 
for direct reading of the voltage and 
address value of the marker point 
on the waveform. Scope output con- 
nectors are located on both front 
and rear panels. $12,500. Delivery, 
12 weeks ARO. 

Iwatsu Instruments, 430 Com- 
merce Blvd, Carlstadt, NJ 07072. 
Phone (201) 935-5220. 

Circle No 415 
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-of the future 
is recording data 
today. 


No magnetic tape system made today measures up to the Honeywell Model 97. 
It’s the only recorder with a transport that combines double vacuum 
buffering with a dual capstan drive system. This technology provides 


incredibly gentle tape handling and minimizes 
eS mechanically-induced artifacts with a 1000 Hz servo 
bandwidth for maximum flutter rejection and 
minimum TBE. 

The Model 97 has a computer-controlled feature 


7 set that includes: 
ies ee * Direct electronics to 4.0 MHz, FM to 1 MHz and 
serial digital to 8 Mbps per track | 
Auto calibration _« Integral time code generator/ 
and test panel reader/search and control system 
¢ Programmable tape management functions—search, 
shuttle and selective track recording 
¢ Built-in record and separate reproduce meter monitors 
The solid-ferrite heads of the Model 97 are so 
dependable that they’re warranted for 5 years or 200 
million feet of tape. | 
The Model 97 data system also has fully automatic nae 
calibration and test of its record and reproduce electronics. ranesdaveaaias 
This eliminates the potential loss of data due to faulty iuittitieinins 
manual calibration and setup. 
The future is yours with the Model 97. For more 
information, contact Ed Haines, Honeywell 
Test Instruments Division, Box 5227, 
Denver, CO 80217. (303) 773-4834. 


MANUAL CONFIG CRITERION 


Together, we can find the answers. 


Honeywell 
CIRCLE NO 169 
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C TEST SUPPORT 


© [BM PC-DOS compatible 
© Controls data-acquisition system 


The PCI-20046S-2 is a C language 
package for the IBM PC. The soft- 
ware works with the company’s 
PCI-2000 data-acquisition system. 
It consists of a set of high-level calls 
to assembly-language subroutines, 
including utility calls, configuration 
calls, and read and write calls. The 
routines are written in machine lan- 
guage. The package features ther- 
mocouple calls to provide both line- 
arization and _ cold-junction 
compensation for J-, K-, and T-type 
thermocouples. It also features 
RTD linearization and tutorial ma- 
terial to help you get started. $225. 
Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 

1111. TWX 910-952-1111. 
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68020 C COMPILER 


@ Supports ‘const’ type specifier 
and function prototyping 

@ Unlimited symbol capacity, arbi- 
trary-length symbol names 


The Uniware 68020 C cross-compil- 
er system runs under Unix, Xenix, 
and IBM PC-DOS. The compiler 
Supports Kernigan and Richie 
standard C extensions as well as 
language features such as the ‘const’ 
type specifier for constants, func- 
tion prototyping, and link-like type 
checking. The included compiler, as- 
sembler, and link editor all feature 
unlimited symbol capacity and arbi- 
trary-length symbol names. You can 
write programs in any combination 
of C and assembly language, and 
you have control over your pro- 
gram’s memory assignments. You 
can also combine constants at com- 
pilation time, convert multiplica- 
tions to shifts wherever possible, 
eliminate superfluous test instruc- 
tions by using preset condition 
codes, and use minimum required 
precision in calculations. The pack- 
age includes a full 68020 assembler 
with macros, and conditional assem- 
bly and listings. The type-checking 
link editor preserves symbolic infor- 
mation in final links. You can gener- 
ate ROMable program images in a 
variety of industry standard for- 


mats. $595 for DOS version; $1390 
for Xenix version; $2790 for Unix 
version. 

Software Development Systems 
Inc, 3110 Woodcreek Dr, Downers 
Grove, IL 60515. Phone (312) 971- 
8170. 
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68000/10 EMULATOR 


® Can access trace buffer during 
emulation 
® Features structured macros 


The ECU 68000/10 Series emulator 
operates at clock speeds to 12.5 
MHz. It features 32 hardware trig- 
gers, each with its own counter; a 
4k-word trace buffer accessible dur- 
ing full-speed emulation; and 
macros supporting C-like language 
structures. The device works on a 


GREATER PERFORMANCE. ..AT HALF THE COST! 


DATA I/O 29B™’COMPATIBILITY-UNDER $ 1,500 


Programming A World of Technologies 


UNIVERSAL, GANG & SET PROGRAMMING FOR LAB AND LIGHT PRODUCTION 


BYTEK ALWAYS SETTING HIGHER STANDARDS 
# Supports MOS/CMOS EPROM/EEPROMs including Megabit 
devices. Options: Bipolar PROMs, Logic Array Devices, 40 

pin Micro Chips, and GangCel 


= Memory capacity to 1Mbyte, 64 bit wide programming, device 
type and parameters stored in non-volatile memory 

= 3-Way device type selection: manually, auto 1D or from menu 

= 2-Way command execution: Function keys or menu 

# Data 1/O PROMlink™™ and BYTEK PROMsoft!™ compatible 


25 Key-32 Character LCD display - Memory expandable to 1 Megabyte 
RS232 PC Interface, Parallel Printer Port 


Data 1/0, PROMIlink are trademarks of Data 1/0, Inc. 
MADE IN THE U.S.A 


21 Day No Obligation 


Trial Period 


COMPLETE 
Model: 
$125-GL 


$1,495 


RDER TODAY 


O 
800-523-1565 / In Fla. — 1-305-994-3520 


Telex: 4998369 BYTEK 


Mastercard or Visa Welcome 


| BIYITIEIK Instrument Systems Division « 1021 South Rogers Circle - Boca Raton, Florida 33431 
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Copies 

of articles 
from this 
publication 
are now 
available 


from the 
UMI Article 
Clearinghouse. 


For more information 
about the Clearinghouse, 
please fill out and mail back 
the coupon below. 


ON Ete Spouse 


Yes! I would like to know more about UMI 

Article Clearinghouse. I am interested in 

electronic ordering through the following 

system(s): 

(J DIALOG/Dialorder (J ITT Dialcom 

C1 OnTyme FLOCEG.ALL 

Subsystem 

CJ Other (please specify) —_{_______~_ 

[] 1am interested in sending my order by 
mail. 

Please send me your current catalog and 
user instructions for the system(s) I 
checked above. 


Names. 2 
ee tr ye 
Institution/Company———___ 
a a er rect 
Department—_____ 
Address___§______—__ 
Citi. 3 State Zip 

Phone ( ) 


EDN100286 


Mail to: University Microfilms International 
300 North Zeeb Road, Box 91 Ann Arbor, MI 48106 
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terminal, personal computer, or 
VAX mainframe. $10,490. 
Microcosm Ine, 15275-E SW Koll 
Parkway, Beaverton, OR 97006. 
Phone (503) 626-6100. 
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44%-DIGIT DMMs 


® 40-segment analog bar graph 
@ 4000-count measurements 


The D2M2 line of 4-digit multime- 
ters features 4000-count measure- 
ments (counting to 3999 before 
switching to a higher range) and a 
40-segment bar graph. Models 4020, 
4030, and 4040 have better than 
0.3% accuracy, and Model 4050 has 
better than 0.1% accuracy. The 4030 
has an illuminated LCD that per- 
mits you to view the displayed value 
when working in poorly lit areas. 
This meter’s 4000-count A/D con- 
verter allows readings down to 
399.99 mV. Optional adapters in- 
clude ones for a capacitor test, for 
high ac/de current, and for a transis- 
tor gain and loss test. All D2M2 
units include batteries, safety-test 
leads, and spare fuses. Model 4020, 
$99: 4030, $139; 4040, $159; 4050, 
$179. 

North American Soar Corp, 
1126 Cornell Ave, Cherry Hill, NJ 
08002. Phone (609) 488-1060. 
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THE NEED 


THE SOURCE 


In electronics, microelectronics, 
optics, optoelectronics or any 
application which requires an 
epoxy with specific performance 
parameters, trust EPO-TEK 
epoxies from Epoxy Technology 
Inc. (EPO-TEK epoxies are also 
used in the professional restoration 
of valuable glass, ceramic and 
wood artifacts.) 


Callorsendforourfree _— 
product brochures. ; ‘ 4 
at A : 


rs. Oo ,\ 


\ 4 900 


Optics, 
optoelectronics 
brochure : 


Electronics, 
_ microelectronics 
| brochure 


No one knows 
more about 

epoxies than 
Epoxy Technology. 


14 Fortune Drive 
Billerica, MA 01821 
(617) 667-3805 

in Massachusetts 
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DC/DC CONVERTERS 


® Meet military specs 
@ Provide 20W at 5, 12, 15, 24, and 
28V 


The Icecube switching-regulator 
modules operate with the company’s 
bridge-rectifier modules. They ac- 
cept 115V ac input and provide 20W 
at 5, 12, 15, 24, and 28V. You can 
parallel outputs to provide higher 
power values. The devices provide 
input transient protection per MIL- 
STD-704A as well as pulse-by-pulse 


(e) ARIES’ 


ELECTRONICS, INC. 


Headers, Sockets, Jumpers, DIP Switches, .025 Sq. Stix, etc. 


i 7b : 


current limiting and 100-kHz 
switching. They operate over the 
—55 to +100°C temperature range 
without derating. $675 (99). Deliv- 
ery, 9 to 11 weeks ARO. 
Powercube Corp, 8 Suburban 
Park Dr, Billerica, MA 01821. 
Phone (617) 667-9500. TWX 710- 
347-6792. 
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PLD SOFTWARE 


e@ Runs on IBM PC, Apollo, 
Prime, and DEC computers 
® Creates support documentation 


Log/ic is a software package for 
programmable-logic devices that 
optimizes designs, compiles genera- 
lized design-language files into de- 
vice-specific programming data, 
and creates support documentation. 
You can define a design functionally 
in the form of truth tables, state- 
flow tables, or logic equations. You 


P.O. Box 130 

Frenchtown, NJ 08825 
Telephone (201) 996-6841 
Telex 6974615 

FAX 201-996-3891 


DC-DC 


can compile logic design for pro- 
grammable array logic devices, 
field programmable logic arrays, 
PROMs, gate arrays, and micropro- 
grammable logic. The package con- 
sists of four modules: One handles 
combinational inputs and user-gen- 
erated test vectors for PAL devices; 
a second adds state-machine input 
capability, support for all other pro- 
grammable devices, and automatic 
test vector generation for PAL de- 
vices. A third module handles mi- 
croprogrammable logic systems, 
and a fourth uses the same input 
files for gate array and custom de- 
signs and creates net lists for CAE 
workstation input. The package 
runs on IBM PC, Apollo, Prime, 
and DEC computers. $1190 to 
$17,265. Delivery, four to six weeks 
ARO. 

Kontron Electronics, 1230 
Charleston Rd, Mountain View, CA 
94039. Phone (415) 965-7020. 
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POWER YOUR DISPLAYS 
FROM LOW DC 


VOLTAGE! 


A 
i 


Converters & 
Smart Force™ 


_ SQUARESTIX” 


1111 .025 Square Pins on C Inverters 
| = eos to power: 
“lle” .700 spacing 

Single rowstraight __ 
and90°angle,1to ®@ 
40 pins. “‘Break-off’’ 
to any length. 


e Electrolumi- 
nescent Lamps, 

e Plasma Gas 
Discharge, 

e Vacuum 
Fluorescent, 

e TFEL Displays, 
and More! 


4 MIL ge. 
? Diz 
SA ——=_ —Ft 


Gold, tin or selective gold 
plating 
® Buttable end-to-end or 
side-by-side (90° angle 
_ end-to-end only) 
“Break-off” to any length 
‘! @ .015 high standoff for 
1 __ Cleaning and to prevent 
Double row straight _ solder wicking 
and 90° angle, 2 to Body UL94V-0O rated 
80 pins. “Break-off” — —rese 
to any length. 


and use 


ARIES MINI-LINK™ 
_ for.025 pinjumpering from 
row-to-row or pin-to-pin. Available _ Ne | PINS 
with handle or low profile (without - <> : yn dicott,NY 13760 it 
handle.) _ SS .— lUr>xR ce oe ee 
See EEM Vol. C, pgs. 1185-1190 
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NEW PRODUCTS 


———— 


DEVELOPMENT PROGRAM 


@ Reduces time for program devel- 
opment 


@ Eliminates the need to write data- 
manipulation software 


The DACQ/300 software package 
can reduce your program-develop- 
ment time by a factor of 100, accord- 
ing to the manufacturer, because it 
lets you use subroutine tools that 
you can include in your Basic pro- 
grams. The software, which runs on 
HP 9000 Series 300 computers, 
eliminates the job of writing soft- 
ware to manipulate data. Built-in 
initialization and debugging rou- 
tines also shorten the software-de- 
velopment time. For data-acquisi- 
tion applications, the package 
provides routines for thermocou- 
ples, RTDs, and thermistor-temper- 
ature linearizations, as well as sub- 
routines for calculating strain from 
strain-gauge cards. For either 312- 
or 5%4-in. floppy disks, $1950. 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 
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OPERATING SYSTEM 


© Contains development tools for 
parallel-computer software 

e Provides subroutine library for 
generation of concurrent tasks 


Version 2.1 of the Dynix operating 
system, which works with the com- 
pany’s Balance 8000 and Balance 
21000 parallel computer systems, 
features microtasking, a kind of 
fine-grained parallelism found in 
program loops or array operations. 
Language extensions for C, For- 
tran, and parallel utilities are also 
available. To help you use micro- 
tasking, the company has extended 
its Fortran compiler by adding sev- 
eral compiler commands and a For- 
tran preprocessor. You can use 
these extensions to convert many 
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Fortran programs into parallel 
form, including those that accept 
vectorization. All of the enhanced 


parallel-programming features 
work with the company’s Pdbx sym- 
bolic debugger for C, Fortran, and 
Pascal. Service contract, $2000; 
Unix utilities only, $500. 

Sequent Computer Systems Inc, 
15450 SW - Koll _ Parkway, 
Beaverton, OR 97006. Phone (503) 
626-5700. 
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OPERATING SYSTEM 


@ Real-time operating system for 
68020 
@ Switches context within 35 wsec 


PDOS 68020 provides a develop- 
ment environment for 68020-based 


computers that includes a real-time, 
multitasking kernel; a file manager; 
floating-point routines; a monitor; 
an editor; an assembler; a linker; 
high-level languages; and utilities. 
The operating system doesn’t disa- 
ble interrupts during system pro- 
cessing, so interrupt latency is zero. 
The system’s kernel accepts inter- 
rupts from the user console, the 
system clock, and other designated 
hardware. The system can suspend 
a task to await an event that will 
take place in an interrupt handler. 
When the event occurs, the system 
switches control to the suspended 
task within 35 psec (for a 16.7-MHz 
clock with no wait states) after exit- 
ing the interrupt-service routine. 
The kernel, floating-point module, 
file manager, and user monitor re- 
quire less than 24k bytes of memo- 
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ry; system buffers and stacks re- 
quire an additional 8k bytes of 
memory. For this reason, you can 
develop and implement most appli- 
cations on the target system. The 
software now offers full 68020 as- 
sembler support. The macroassem- 
bler runs as many as 40,000 lpm. 
$1150. 

Eyring Research Institute Inc, 
1455 W 820 N, Provo, UT 84601. 
Phone (801) 375-2434. 
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TELECONFERENCING 


@ Lets PC users share application 
programs in real time 

© Compatible with most word-pro- 
cessing, spreadsheet programs 


In-Synch, a RAM-resident pop-up 
utility, permits two users of IBM 
PC/XTs, PC/ATs, or compatibles, 
which are linked by industrial mod- 
ems over telephone lines, to share 


Easy does 


The Ansley” Plastic Chip Carrier Socket is here...answering the need 
for simple, reliable interconnection of microprocessor and other high 


density semiconductor packages. 


@ low insertion, low extraction and high retention forces 
easy chip removal 


@ a unique, inexpensive extraction tool fo 
@ 44, 52, 68 and 84 position 
styles 
@ dual wiping action with 
“J” lead 
@ accepts EIA/JEDEC standard 
plastic chip carriers 
Make contact: Customer 


Service, Thomas & Betts Corporation, Electronics Group, 920 Route 
(201) 469-4000; or any of our authorized 


202, Raritan, NJ 08869, 
Stocking distributors. 
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and manipulate data in real-time. It 
works with PC-based word pro- 
cessing, spreadsheet, database 
management, and graphics soft- 
ware including Wordperfect, Word- 
star, Multimate, Lotus 1-2-3, and 
PFS Graph. It runs under MS-DOS 


and requires at least 384k bytes of 


RAM. You can use the program 
with monochrome, color, EGA, or 
Hercules graphics adapters; with 
Hayes-compatible internal/external 
modems; and with most mouse, 
light-pen, or writing-tablet data- 
manipulation or -entry devices. You 
can send data files to be worked on 
in a teleconferencing environment. 
A snapshot feature allows you to 
capture individual text or graphics 
screens and send them to the other 
user. $149.95 
American Video Teleconferenc- 
ing Corp, 110 Bi-County Blvd, 
Farmingdale, NY 11735. Phone 
(516) 420-8080. 
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it. 


Then EDN wants you, providing you also have an 
EE degree and at least two years’ circuit-design 
experience. We seek individuals who want to be 
Boston-based technical editors for this top electron- 
ics publication. 


To qualified individuals, EDN offers an attractive 
Salary, industry-wide recognition, high job satisfac- 
tion, and the ability to keep abreast of... 


e Advanced Technology 

¢ Exciting New Products 

¢ State-of-the-art circuit and system-design 
techniques 

If you thrive on meeting challenges head-on... 


If you are an effective, technical communica- 
tor...then send your resume and Salary requirements 
in strict confidence to: Roy Forsber 
tor, EDN, Cahners Building 
275 Washington St., Newton, MA 02158-1630, 
617/964-3030 


An Equal Opportunity Employer 


CIRCUIT SIMULATOR 


® Incorporates all the functions 
needed for IC system design 

® Statistical fault analysis to the 
transistor level 


Lsim, a multilevel, mixed-mode cir- 
cuit simulator, is available as a 
stand-alone product. It incorporates 
all the functions needed for IC sys- 
tem design, behavioral and func- 
tional modeling, logic simulation, 
and circuit simulation. It provides 
zero delay, unit delay, and full tim- 
ing in simulations, as well as fault- 
grading routines. Using voltage as 
an independent variable vs time al- 
lows you to simulate very large cir- 
cuits on workstations. Statistical 
fault analysis is possible via an ex- 
tended Stafan algorithm that is very 
fast and provides statistical fault 
coverage down to the transistor 
level. Sequential fault analysis is 
also available and provides 100% 
fault coverage. You can run the sim- 


YOU LIKE 
TO WRITE, 
RIGHT? 


, Editorial Direc- 
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Casio challenges you 


replay feature lets 
you review, edit and 
replay your formula 
at the touch of a 
button. It even has 
an answer key that 
computed value. 
__ And to make things still easier, 
the FX-4000P has a “perfect entry” 
3m, which allows you to enter and 
display a formula exactly as written. 
Plus, it has a non-volatile 550 
step program memory with 10 program 


ice. 


divisions. This allows 10 different pro- 
grams to be stored at once. 

And it includes up to 94 data 
memories, which are invaluable for 
statistical analysis. 

Finding all this power at your 
fingertips is remarkable enough, let 
alone at half the price of some com- 
petitors. If you can put your finger 
on a scientific calculator that gives 
you more power at any price, by all 
means buy it. 


CASIO. 


Where miracles never cease 


ts Division: 15 Gardner Road, Fairfield. NJ 07006 New Jersey (201) 882-1493, Los Angeles (213) 803-3411 
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ulator on Apollo and Sun work- 
stations. License for a single-user 
workstation, $40,000. 

Silicon Design Labs Inc, Box 16, 
Liberty Corner, NJ 07988. Phone 
(201) 580-0102. 
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WINDOW GRAPHICS 


@ Provide comprehensive window- 
management functions 

® Provide interface to C and VMS 
Fortran application programs 


Tekniviews is a host-based software 
package that adds a window-man- 
aged environment to the company’s 
19-in. 4111 computer-display termi- 
nal and 4120 Series color-graphics 
workstations. It runs on the 4132 
and 6310 workstations, DEC 1» VMS/ 
w.VAX workstations, and VAX/VMS 
computers. The system provides a 
set of window-management func- 
tions that includes pop-up menus, 


UPAK.AS 


If your design includes an 80C31 system, EDI’s all CMO 
pin to pin compatible to the 80C31, the wPak is a low 


multiplane windows, and vertical 
and horizontal scroll bars. A library 
of over 140 subroutines is also avail- 
able for developing window-man- 
aged graphics applications. You can 
call subroutines from C and VMS 
Fortran programs. For work- 
stations, $995; for VAX computers, 
$1995. 

Tektronix Inc, Box 1700, Beaver- 
ton, OR 97075. Phone (503) 644- 
0161. 

Circle No 427 


INTEGRATION SYSTEM 


@ Lets PCs emulate VT100 
terminals 

® Provides terminal-to-host com- 
munications and file transfers 


TCPTerm, a PC-DOS terminal-em- 
ulation and file-transfer program, 
permits the integration of IBM PCs 
and compatibles into an Ethernet 
(IEEE 802.3) LAN running TCP/IP 


versions, it is a Small Wonder. 


For fast service call T&T Products 


1-800-MIL-CMOS 


EDI's exclusive distributor (305-857-2282 in F L) 


Electronic Designs Inc., 35 South Stre 


270 


(transmission control protocol/ 
internet protocol) high-level proto- 
cols. The system lets PCs emulate 
VT100 terminals and communicate 
with asynchronous ports, 3270 SNA 
(System Network Architecture) 
sessions, and a variety of hosts, 
such as VAX minicomputers and 
Sun workstations that use the 
TCP/IP protocol set. The system 
provides the standard TCP/IP Tel- 
net (terminal-to-host communica- 
tion) and FTP (file-transfer proto- 
col) layers and maintains compatibil- 
ity with other TCP/IP-based de- 
vices. Using a standard EtherLink 
network controller board, the sys- 
tem operates with PCs attached di- 
rectly to the LAN. The system also 
provides access to network manage- 
ment features such as logical name 
services, network map displays, and 
monitoring of error and_perfor- 
mance statistics. If you use the com- 
pany’s NCS/150-TCP network con- 
trol server, you can maintain a 


S Pak provides a space-saving 
power, space-Saving powerhouse. 


et, Hopkinton, MA 01748, USA, Telephone (617) 435-9077, TELEX 948004 
Electronic Designs Europe, Shelley House, The Avenue, Lightwater, Surrey GUI8 ORF, U.K., Telephone 0276 72637, TELEX 858325 
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time-stamped audit trail. Single- 
user version, $300. 

Bridge Communications Inc, 
2081 Stierlin Rd, Mountain View, 
CA 94043. Phone (415) 969-4400. 
TLX 176544. 
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ARCHIVAL SYSTEM 


@ Archives JCL listings and reports 
exception conditions 

@ Selective browsing retrieves only 
the information you want 


Release 4.1 of the SAR (System 
Archival and Retrieval) system in- 
corporates database- and terminal- 
management systems. You can use 
it with the IBM MVS and MVS/XA 
operating systems. The program ar- 
chives JCL (Job Control Language) 
listings for compilation listing, pro- 
duction reports, and Syslog, and it 
highlights exception conditions. 
These functions eliminate printing, 


filing, and searching. Using selec- 
tive browsing, you can find and re- 
trieve information via TSO/SPF’/ 
ISPF, VM/CMS, native TSO, CICS, 
IMS, native VTAM, or Roscoe. Only 
the archived information you actual- 
ly want is printed. Because the 
archived data is kept in compressed 
form, it uses a minimum amount of 
storage space. From $15,000. 

JCA Software Inc, 18201 Von 
Karman Ave, Irvine, CA 92710. 
Phone (714) 863-9500. 
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PL/I COMPILER 


@ Permits existing PL/I applica- 
tions to use features of Sun 3 

e Performs local and global optimi- 
zations 


The LPI-PL/I, a high-performance 
PL/I compiler, runs on MC68020- 
based Sun 3 workstations under the 
Unix 4.2 BSD operating system. 


The system is a full implementation 
of the ANSI standard PL/I general- 
purpose subset. Its extensions are 
compatible with mainframe dialects 
of PL/I. Using the compiler as a 
conversion tool, you can recompile 
existing PL/I applications to run on 
Sun workstations. The system pro- 
duces fast and compact machine 
code and features an optimizer that 
performs both global and local opti- 
mizations. When you use the compil- 
er with the interactive source-level 
debugger, LPI-Debug, you can test 
programs via the PL/I conventions 
and symbols. The system also offers 
a range of trace facilities and a flex- 
ible set of breakpoint controls. For 
Sun 3 workstations, $2000; for Sun 3 
file servers, $9000. 

Language Processors Inc, 400-1 
Totten Pond Rd, Waltham, MA 
02154. Phone (617) 890-1155. TLX 
951671. 
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all Wonder. 


snus. With a uP, SRAM, E/EEPROM and logic on a single 40 pin substrate, 
vailable for Military, Industrial and Commercial applications in 8 and 12 MHz 


EDI 


The future...today. 
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Catalog exhibits 
test instruments 


This 468-pg catalog of measuring 
instruments and systems offers de- 
tailed information on test instru- 
ments. In addition, for the first 
time, this 1986 version includes 
products built in the Unites States 
—for example, microwave synthe- 
sizer Models 308/309. 
Rohde & Schwarz-Polarad Inc, 
5 Delaware Dr, Lake Success, NY 
11042. 
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Guide explains 
control/display units 


This 8-pg brochure discusses what 
to look for when selecting a CDU 
(control/display unit)—a combina- 
tion keypad for operator input and 
display for system output. The 
guide covers the manufacturer’s 
standard line of CDU models, spe- 
cial circuitry, and custom design 


and manufacturing. 
Termiflex Corp, 316 Daniel Web- 
ster Hwy, Merrimack, NH 03054. 
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Tools teach AI concepts 


This set of educational aids provides 
instructions for learning the funda- 
mentals—as well as the advanced 
concepts—of artificial intelligence. 


The set includes five disks, a text- 
book, and a listing of sample interac- 
tive sessions. You can learn about 
forward chaining, backward chain- 
ing, object-oriented programming, 
expert systems that use probability 
theory, threshold logic, abductive 
reasoning, and multiple-paradigm 
systems. The disks run on IBM PCs 
and compatibles (minimum configu- 
ration) and costs $125 ($135 for- 
eign). 

Intelligent Tutoring Series, Box 
1600, North Massapequa, NY 
11758. 

INQUIRE DIRECT 


Product catalog features 


Multibus boards 


This company’s 1986 product catalog 
encompasses its line of Multibus 
boards, accessories, and VME Bus 
products. The 136-pg compilation 
features three high-performance 
CPU boards, 11 memory boards, six 
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Coilcraft is 
big in small 
inductors 


Call Coilcraft for all your surface mount 
inductors—fixed, tuneable, transformers, or toroids. 
Most are in stock, ready for immediate ship- 
ment. And all are priced incredibly low, even in 

small quantities. 

To help you get started, we've prepared 
Experimenter’s Kits with dozens of our most 
popular values. 

For complete specifications, or to order your 
kits, call 312/639-6400. 


1102 Silver Lake, Cary, IL 60013 


Experimenter’s Kits 

Fixed Inductor Kit C100—$125 

4 nH— 1,000 uH, 64 values (6 of each) 
Tuneable Inductor Kit C101—$50 

100 nH—10 uH, 1 values (5 of each) 


312/639-6400 
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disk controllers, five I/O boards, 
and three general-purpose boards, 
and it includes pertinent descrip- 
tions, specifications, and photos. In 
addition, the catalog contains data 
on system cabinets, operating sys- 
tems, and new RMX and Unix 
board sets as well as a line of VME 
Bus boards. 
Central Data Corp, 1602 Newton 
Dr, Champaign, IL 61821. 
Circle No 434 


Journal focuses on 
real-world signal processing 


Volume 20-1 of Analog Dialogue, a 
journal on circuits, systems, and 
software for signal processing, 
highlights two isolation amplifiers, 
the AD202 and the AD204. This 
28-pg edition also features stories 
on the AD7572, a monolithic, 12-bit 
A/D converter; quad D/A convert- 
ers; a hybrid, 12-bit, data-acquisi- 
tion system; and four data-acquisi- 
tion boards that interface directly to 
IBM PCs. Two DSP-related articles 
discuss the ADSP-3210/3220, which 
is a 64-bit IEEE floating-point mul- 
tiplier and ALU chip set, and the 
ADSP-1401/1410 Word-Slice pro- 
gram sequencer and address gener- 
ator. 

Analog Devices, Literature Ctr, 
70 Shawmut Rd, Canton, MA 
02021. | 
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Data on a disk 
aids in product selection 


The Mospower Computer Data 
Book resides on a 5%4-in. disk and 
runs on an IBM PC or compatible. 
The program searches for and dis- 
plays device options either from 
specific part-number input or from 
device parameters defined by the 
user. The data book also includes an 
automatic power-MOSFET cross- 
reference for selecting alternate 
components according to other man- 
ufacturers’ part numbers. 
Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. 
Circle No 436 


Reference lists 
third-party software 


Third-Party Software for Scientific 
Computers and Array Processors is 
a 74-pg source for engineering and 
scientific programs. The catalog con- 
tains two sections, one for each 
product concentration. Each section 


_ New, rugged hermetic packages. ] 


Mil-quality 
SURFACE- 
MOUNT 


delay lines 
‘and pulse 
transformers. 


Believe it. Surface-mount delay lines 
and pulse transformers can perform 
the same as high-performance SIP — 
and DIP models—provided they re 
from Technitrol. 

Long before today’s scramble to 
introduce surface-mount components, 
Technitrol commercial, military, and 
military-high-rel chip-carrier delay lines 
and pulse transformers were saving 
space while solving circuit-timing and 
data-interface problems. 

Passive or active (TTL-family) delay 
lines, 10 to 200 ns maximum delays, 
five- and ten-tap modules, profiles as 
low as 0.080 in. Pulse transformers 
for Mil-Std 1553B, 2.5 Mb/sLAN, and 
IEEE 802.3 applications. 

Request Catalogs #140 and #141. 


Now you can get excellent Technitrol 
performance also in hermetic surface- 
mount packages; 9 
your choice of : 
alloy; plated or 

unplated; 100% 

testing available. 


Technitrol 


1952 E. Allegheny Avenue 
Philadelphia, PA 19134 USA 
(215) 426-9105 * Telex 834245 


active and passive delay lines 
- pulse transformers » Manchester 
encoder/decoders « data bus couplers 
* pulse-width regulators » high voltage, 
Scott T, and ferroresonant transformers 
(including Mil-T-21038, Mil-Std-1553B, 


and Mil-T-27 components) 
: 8184 
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divides the libraries into alphabeti- 
cal groups and cross-application li- 
braries. Each program listed is 
identified by industry focus, appli- 
cation, computers supported, envi- 
ronment, services, marketing, 
product abstract, and developer 
contact name and address. 
Floating Point Systems Inc, M/S 
5586, Box 238489, Portland, OR 
97223. 
Circle No 437 


Directory features 
software packages 


Catalog 5953-9598 is a 208-pg direc- 
tory of more than 1000 software 
packages, which are applicable to 20 
market/application categories. All 
products discussed run on the HP 
1000 and 9000 Series 80, 200, 300, 
and 500 computer families, as well 
as selected models of the HP Inte- 
gral PC, the Portable PC, and the 
HP Vectra PC. Product listings fall 
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into such categories as aerospace 
and aeronautical engineering, artifi- 
cial intelligence, software engineer- 
ing, languages/compilers, math/sta- 
tistics, and computer-aided test/lab 
automation. Each entry includes the 
following: supplier name, address, 
phone, and contact name; HP sys- 
tem environment (hardware series, 
model, and memory requirement); 
and price. The directory also in- 
cludes company and product-name 

indexes. 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Circle No 438 


Brochure for designing ICs 


This brochure explains how to per- 
form schematic capture, logic simu- 
lation, test-vector generation, and 
timing simulation on Mentor Graph- 
ics’ Idea Series CAE workstations 
using GE Semiconductor’s 2-um de- 
sign kit. The 4-pg booklet highlights 


Package: 
Oscillation 
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the GE design-kit symbol libraries 
and logic models for the design of 
2-u~m gate arrays and standard 
cells; it also details the Idea network 
editor, remote simulator software, 
and document-preparation system. 
GE Semiconductor, c/o Alberta 
Crowe Letter Service, 318 First St, 
Liverpool, NY 13088. 
Circle No 439 
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DuPont RYNITE beats the heat 
phase and wave soldering 


of vapor 


iene * eit seein % ea settee : 
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RYNITE’ thermoplastic polyester resin withstands 419°F in 
vapor reflow, 525°F in under-board wave soldering 


Component manufacturers are 
capitalizing on the 435°F (224°C) heat 
deflection temperature of RYNITE® 
PET, a polyethylene terephthalate, to 
beat the heat of wave and vapor phase 
soldering. RYNITE also offers a UL 
temperature index of up to 155°C. 


DuPont Connector 
Systems 


eeiaisemicerteraaresics 
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DuPont Connector Systems 
chose RYNITE over PPS for a new line 
of slotted header connectors that resist 
the 419°F of vapor phase soldering 


Dial Du Pont first 
(302) 999-4592 
ALCRYN® melt processible rubber 
DELRIN® acetal resin 

HYTREL* polyester elastomer 


RYNITE® thermoplastic polyester 
ZYTEL* nylon resin 
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and the 525°F of under-board wave 
soldering. DuPont Connector Systems 
selected RYNITE because it exhibits 
greater elongation and is less abrasive 


ester with RYNITE® PET in the edge 
connector (below) because RYNITE® 
PET polyester withstands vapor phase 
soldering at 419°F for one full minute. 


on the mold than PPS. RYNITE also resists the solvents used 
Midtex bobbin in cleaning soldered boards. 
The Midtex Divi- : i == 
sion of Midland-Ross 
uses RYNITE for 


Midcom modem 
transformer bobbins 
that maintain their 
shape even under the _ 
525°F heat of under- © 
board wave soldering. Midtex chose 
RYNITE polyester for better molding 
performance and for cost savings. 


Ericsson connector 
L.M. Ericsson replaced PBT poly- 


Get more information by calling 
for a sales presentation. Or for free 
literature write to DuPont Company, 
Room X50505, Wilmington, DE 19898. 


REG. U.S. PAT & TM. OFF 
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Compendium addresses 
interests of Lotus users 


Intended for users of Lotus 1-2-3, 
Symphony, and Jazz, this catalog 
includes information on applicable 
software enhancements, add-ons, 
utilities, and reference materials 
and aids. The 38-pg compilation is 
organized according to 35 business- 
application sections ranging from 
accounting to word processing and 
from real estate to programming 
utilities. Prices and ordering infor- 

mation are included. 
4-5-6 World, Box 22657, Santa 

Barbara, CA 93121. 
Circle No 440 


Handbook addresses 
linear, conversion products 
This handbook provides application 


notes for the manufacturer’s line of 


linear and conversion products. The 
253-pg book covers amplifiers, con- 
verter circuits, signal-conditioning 
and measurement provisions, sig- 
nal-processing circuits, signal- 
switching circuits, and communica- 
tion circuits. It is indexed by topic, 
subject, and part number. 
Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Circle No 441 
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Opening 
the door is not as 
hard as you think. 


You've heard that surface-mount 
technology is complicated, mys- 
terious, frightening, expensive to 
get underway . . . and absolutely 
essential if you're going to compete 
with the smaller, better performing, 
lower cost electronic products that 
are being designed today. 

But, don’t despair. Now there's a 
one-stop surface-mount technology 
center: Interplex Technologies. 
We'll eliminate the complication, 
mystery, fear and most of the 
start-up expense of SMT for you, 
quickly and cost-effectively. 

Our product lines include stan- 
dard and custom memory modules, 
interconnects for changing LCCs 
to leaded chip carriers to eliminate 
TCE, and complete Type |, Il, and 
Ill SMT assemblies. In addition, we 
offer comprehensive design, proto- 
typing, and testing services, plus 


the capability to supply small, 
medium, and large production 
quantities. When you're ready for 
in-house manufacturing, we'll 
assist you in developing the most 
efficient systems and even provide 
specialized automated assembly 
equipment, if you need it. 

We'll make opening the door to 
SMT easier and less costly than 
you think. Call us for some straight- 
from-the-shoulder talk. 

Contact Walter Bailey, Interplex 
Technologies Corporation, 381 
Park Street, Hackensack, New 
Jersey 07602; 201/343-3156. 


B'™ 


fintemolex 


Technologies 


An Interplex Industries Company 
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DID YOU KNOW? 


EDN is distributed 


at every major 
electronics/computer show in the 
U.S., France, and Germany. 


EDN 
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AMERICAS BEST 
PROGRAMMERS 


Z-3000 HIGH VOLUME 
GANG/SET PROGRAMMER 
e 14000 27256s programmed per day. 


e 32 EPROMs simultaneously with 1 to 8 
DATA BLOCKS. 


e 16 Intel or Motorola MCUs at a time. 
e 64K to 256K bytes of DATA RAM. 
e Simple one key programming operation. 


e Two RS-232 ports with data transfer formats 
included. 


Z-2500B IN-CIRCUIT 
MEMORY CARD PROGRAMMER 


e Programs up to 32 memory cards with 
EPROMs or microcomputers at a time. 


e Two 1.2 Mbyte DSDD floppy disk drives. 
Optional 20 Mbyte hard disk. 


e Turnkey systems include programmer, ter- 
minal, custom interface hardware and soft- 
ware. 


Simple menu driven operation. 


Z-1000B UNIVERSAL 
PROGRAMMER 


e Over 600 PLDs, EPROMs, EEPROMs, bi- 
polar PROMs and INTEL MCUs. 


Upgradeable PROM based software. 

Stand alone or PC/XT/AT operation. 

Two independent RS-232 ports. 

64K or 256K bytes of DATA RAM. 
EXATRON handler interface is standard. 


Z-1200B TWELVE SOCKET 
GANG/SET PROGRAMMER 
@ 2716-27512, 1 to 4 DATA BLOCKS. 

® 64K to 256K bytes of DATA RAM. 
Software personality. No plug-ins. 


ZAP SERIES low cost programmers for 
EPROMs and single-chip MCUs. 


Z-400 for bipolar PROMs and EPROMs. 


SUNRISE ELECTRONICS, INC. 
524 South Vermont Avenue 
Glendora, California 91740 

(818) 914-1926 
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PRODUCT MAR 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


6800/ 6809 


for sensors, iransducers, analog signals, 
solenoids, relays, lamps, pumps, motors, 
keyboards, displays, IEEE-488, serial I/O, 
floppy disks. ; 


Wintek Corp: 
wy WINTER 1804 South street 

Lafayette; IN-47904 

347-742-8426 


800-742-6809 
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2 AMP POWER MILITARY TO-5 RELAY 


The 212 Series utilizes the Teledyne 
Relays developed TELESIUM™ 
contact system which is resistive 
load rated at 2 amperes and enables 
the relay to be used in applica- 
tions switching lamps, inductors, 
capacitors, and small motors where 
current surges at turn-on or turn-off 
exceed the traditional 1 amp TO-5 
relay contact rating. 


¢ Standard TO-5 relay pin pattern for DPDT 

e 5V, 12V, and 26.5V coil voltages are standard 

° Can be screened to applicable parameters of MIL- 
R-39016, level P. 

e High force/mass ratios for resistance to military 
shock and vibration levels. 

¢ 100% all-weided construction. 

e Patented uni-frame design providing high magnetic 
efficiency and mechanical rigidity. 

e Less than half the size and weight of 2 amp crystal 
can relays. 

¢ $25.10 at 100 pcs; prototype quantities available 
from stock 


soe ne Relays 


12525 Daphne Ave., Hawthorne, California 90250 
(213) 777-0077 
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1 MB MASS MEMORY MODULE. 


Mass Memory Modules—the size of a business 
card e Install directly over board components e 
1 megabyte DRAM board with controller has 
140 ns. access time ® 512K low power SRAM at 
150 ns. ¢ 512K fast SRAM at 60 ns. e Utilizes 
Surface mount technology and plugs into 2 SIP 
sockets which occupy 0.7 sa. in. of board. Avail- 
able from stock. TL Industries, Inc., 2541 Tracy 
Rd., Toledo, OH 43619. 419/666-8144. 


TL INDUSTRIES 
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A MANUAL FOR 
DESIGNING FOR SMT 


CAD/Manual Designs 
SMT/Mixed Tech Designs 
Package Specs 

Land Patterns Rules 
Product Analysis 


Substrate & Thermal 
Considerations 


Test & Assembly 


e PLUS COMPLETE SET OF DESIGN RULES 
PRICE - $350.00 


The most complete and current guide to designing for 
manufacturability with nine chapters, over 250 pages and 
graphic illustrations. CALL NOW FOR FURTHER INFORMATION. 


SURFACE MOUNT 
TECHNOLOGY PLUS 


Specializing in SMT Design Services and 
its widely acclaimed training programs. 


(408) 287-1247 1786 Technology Drive, 
San Jose, CA 95110 
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LOW COST 
HIGH RESOLUTION 
A/D CARDS for 
IBM PC/XT/AT® 
4input channels at +/—5 volts 
Protected differential inputs 
Optically isolated output port 
Superior stability & low power 
16-Bit 12KHZ plug-in card....$475 
15-Bit 7.5HZ plug-incard ....$265 


Flexible data logging software 
unprotected and listable. .. $150 


Expand above to 64 channels w/ 
four $165 analog multiplexers 


Full support for our 6-channel 
thermocouple thermometer $175 


Call us for quantity pricing. 
LAWSON LABS, INC. 
5700 Raibe Road [ii 


Columbia Falls, MT 59912 
Phone: 406 387-5355 


CIRCLE NO 204 


CMOS STD BUS 


FOR LESS! 


Direct plug-in replacements for 
Pro-Log’s popular models. 


For immediate action call 


(800) 824-3163 or (503) 485-8575 


= Versalogic= 
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Component Analyzers, LCR Bridges, 
and Inductance Analyzers. 

High-quality, accurate, easy-to-use, micro- 
processor-based instruments for testing inductors, 
transformers, resistors, coils, or capacitors in design, 
manufacturing, and quality assurance. Catalog 
includes complete technical parameters and 
selection guide. 


Wayne Kerr Inc., 600 West Cummings Park, 
Woburn, MA 01801, (800) 533-3535. 
In MA, (617) 938-8390. 
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POWER CONTROLLER (SHORT CIRCUIT PROTECTED) 


e Integrated short-circuit protection « Meets MIL-STD-704A surge and 
(M33S and M33S-1) spike requirements 

e Functions as a Remote e Input CMOS or TTL compatible 
Circuit Breaker ¢ 3.8 to 32.0 volt input range 

e Power FET output ¢ Constant current input 

e Fast switching speed ¢ Designed to MIL-R-28750 

e Low on-resistance (low as e Available to the screening 
0.05 ohm typ.) requirements of MIL-STD-883 

e Virtually no offset voltage e Radiation hardening levels 

e Opto isolation, 1000 volts data available 
input to output e M33 and M33S 5 amps at 60VDC 

e Hybrid microelectronic design © M33S-1 10 amps at 40VDC 


$151 to $205 at 100 pieces Teledyne Solid State, 12525 Daphne 
Avenue, Hawthorne, California 90250, (213) 777-0077. 
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Flow Charting II™ 
FAST. SIMPLE. SPECIFIC.| © 


Now build, update and print process flow 
and organizational charts 
easily, confidently. 


e Readjust chart immedi- 

ately after addition or deletion 
© Travel quickly across a 120 

or 200-column screen 
@ Move a single character or 

half a chart - instantly. 
Present the true, current picture. Use 
Flow Charting Il on your IBM®-PC 
compatible system. General Motors, 
Bechtel, Touche Ross, Fairchild and 
500 other major US corporations use it. 


1-800/672-3470, ext. 897 Calif. 
1-800/538-8157 ext. 897 National 
408/629-5044 Intemational 


PATTON & PATTON 


340 Lassenpark Circle 
San Jose, CA 95136 


IBM is a registered trademark of International 
Business Machine Corp. 
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O 10 Mhz 68000/68010 
O 512Kbyte zero-wait-state RAM 
O 128Kbyte capacity EPROM space 
O Two serial ports/prog. baud rates 
O VMEbus system controller 
Perfect for your industrial control application 
558 Brewster Avenue Suite 1 
\ / WA Redwood City, CA 94063 
specialists 415 4- 
UWUL— Telex 510-100-9936 
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SIMPLIFY BOARD LAYOUT 

MICRO/Q ceramic decoupling capacitors 
share board mounting holes with IC pins 
to simplify board design. Now add more 
active devices with increased density 

in the same space, or design the same 
package on a smaller board. 

Rogers Corp., 2400 S. Roosevelt St., 
Tempe, AZ 85282. 602/967-0624 
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DIP-ADAPTOR™ SOCKETS ELIMINATE 
OBSOLETE IC PROBLEMS 


4C Electronics, Inc. manufactures acomplete 
line. of DIP-ADAPTOR™ sockets which 
reroute current circuit paths thus eliminating 
board changes due to obsolete IC’s. Common 
transfers include 2564 to 2764, 74LS193 to 
74LS169, and 74LS244 to 74LS374. Any 
custom configuration programmed in 3 weeks. 


4C Electronics Inc., 
P.O. Box 868, Mentor, OH 44060 
216/354-6800 


CIRCLE NO 215 


FREE DEMO DISK 

SCHEMA is acomplete, integrated schematic draw- 
ing software package for IBM Personal Computers. 
Use SCHEMA with your PC to draw schematics and 
automatically generate design documentation such 
as Wire and Net Lists, Bills of Materials, Design Rule 
Checks, etc. SCHEMA is $495 and supports most 
common PC hardware configurations. Call or write 
today for a free demo disk and brochure. 


OMATION INC. 
1701 N. Greenville Ave., Suite 809 
Richardson, TX 75081 
(214) 231-5167 
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RS-422 
Communications Board 
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eFor IBM-PC/AT/XT and | 
compatibles 

eDual RS-422/RS-485 interface 

eDifferential drivers to 4000 ft. 


Fast Delivery 


QUA TECH, INC. 


478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 
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ICCON™ MOTHER BOARD/ 
DAUGHTER BOARD INTERCONNECTS 


New power distribution system allows reliable and 

consistent performance while providing quick board 

connect and disconnect. 

e Less than 6 mV drop at 75 amp rating 

© 90° or 180° mounting configurations 

¢ 10-pin DIP mounting in single or bussed 
configurations 

¢ Low profile, minimum board space 

® Compliant pin or wave solder styles 


Call (415) 490-4200 or write: 
Elcon Products International Co. 


P.O. Box 1885, 
Fremont, CA 94538 ae ELCON 
PRODUCTS INTERNATIONAL COMPANY 


TWX 910-381-7026 
CIRCLE NO 216 
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“ACQUIRE AND GENERATE _ 


SUSSEX SEMICONDUCTOR, INC. ANNOUNCES 
EXPANDED CAPABILITY TO ITS’ SOT-13 SURFACE- 
MOUNT LINE. THE SUSSEX SOT-13, SIMILAR IN SIZE 
AND PAD-LAYOUT COMPATIBLE WITH THE SOT- 
143, CAN NOW OFFER ISOLATED OR COMMON 


NEVER BEFORE AVAILABLE... 
e PIN-GRID-ARRAY TEST CLIPS 


Generator Board (WAAG) 
e Your PC becomes a dual-channel scope, 


e LCC/PCC TO DIP ADAPTORS as wel as an arbitrary waveform signal CATHODE/ANODE ZENERS FROM 2TO 200 VOLTS, 
¢ DIP (LOW PROFILE) TEST CLIPS » 35 Mic tc 3 lbemennbleicionk rats See OR ISOLATED OR COMMON DIODES, BOTH FAST 
e LCC/PCC TEST CLIPS s Transtar dicta asics diei fle \e AND SOFT RECOVERY, FROM 50 TO 1000 VOLTS 
° DIP TO PGA ADAPTORS * $895.00 complete a” ve- PIV, AND WITH AVERAGE FORWARD CURRENTS TO 


.5 AMPS. THE SUSSEX SOT-13 IS ALSO AVAILABLE 
WITH A3 LEAD CONFIGURATION WHICH MAKES IT 
PIN-FOR-PIN AND PAD-LAYOUT IDENTICAL WITH 
THE POPULAR SOT-23 DEVICES. CONTACT: MARK 
IWANSKI, SUSSEX SEMICONDUCTOR, INC., P.O. 
BOX 69, AUGUSTA, NJ 07822 PH: 201-948-3633 FAX: 
201-948-6630. 


e PGA BREADBOARD ADAPTORS 


Emulation Technology Inc. 


422 Ives Terrace 
Sunnyvale, CA 94087 
415/960-0652 
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single pen plotters 
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8051 
8048 


SIMULATORS - CROSS ASSEMBLERS - PRO- 
GRAMMERS - SIM51 and SIM48 Software Simu- 
lators run on IBM-PC, CP/M-80, MS-DOS. 
Designed for validation & debugging application 
software. Simulation includes all on chip func- 
tions plus expansion chips. $250, one year FREE 
updates. Formats: PC-DOS 2.x DSDD, CP/M-80 
8” SSSD, many 5%” formats. Cross Assemblers 
and EPROM pgmrs also available. Logical 
Systems Corp. 6184 Teall Station, Syr., NY 13217 
(315) 478-0722 


locical Systems 


AFFORDABLE 
ENGINEERING 
com SOFTWARE 
MSDOS 


AND APPLICATIONS GUIDE 


ACNAP — 
AC Network Analysis $72.95 


ae «(172.95 


spp — 
Signai Processing Program $72.95 


PLOTPRO — 
Scientific Graph Printing $72.95 


PCPLOT — 
High Resolution Graphics $72.95 


and other worldwide approvals 


XFER — Transfer Function Synthesis 
Transfer functions / 
Spee Electronic circuits $ 72.95 


TEKCALC — Scientific Calculator 
Program 
Screen graphics/ 


ee $ 72 95 


COMCALC — Communications 
Design Spreadsheet 


poof co 


RIGHTWRITER — Report 
Proofreader Pr 


220uescerain 997.95 


BV (714) 781-0252 


2200 Business Way. Suite 207. Riverside. CA 92507 USA 


E-T-A has “THE RIGHT STUFF!” 
® Commercial, Mil & Low Cost Types @ Magnetic 
or Thermal @ 0.05 to 400 A, 250V AC or 28V DC 
@ ON/OFF Switch/Breaker Combination @ PC 
Board & Snap-in Mounts 


ERAN 
CIRCUIT BREAKERS 


7400 North Croname Road, Chicago IL 60648 @ 312/647-8303 
CIRCLE NO 220 


LOCIPRO — 
Root Locus Analysis $72.95 


ee moe  172.95 


Static Thesmai Anaiysis $72.95 


Motrix Manipulation $72.95 


Engineering 


Professional Software 


CIRCLE NO 221 CIRCLE NO 222 


NEW EPROM PROGRAMMER 


Schematic Capture . Re oca g Mac O EPROM PROGRAMMER 
» Assemblers ~ 
Software $100 1410 c= |) i . 
h h Ss S f f AMS . 280 e8085 *NSC800 #HD64180 ieee 
The Schematic Capture Software trom is ss 
the first integrated software package which The fastest and most powerful 
runs on IBM PC and PC Compatible Com- ~ assemblers on the market! © 
puter(s) and is priced at only $100 - 
gnificant Chars. on Externais 
® Powerful Editor allows copy, add, delete & move - ‘@ math on externals + GE Macros : 
A through D size drawing capability e T-states in listing © M80Pseudo-ops 
Three level(s) of zoom capability " ¢ local labels ® tables overflow to disk _ The EP-1 is a great value, here’s why: 
Uses keyboard expandable to mouse e 7 Z 


"© full drive-user support 


“195 


requires: Z80 Ww /40K TPA. CP/M 2:2 or greater — 


LR-S 


_-1622'N. Main St, Butler, PA46001 
(800) 833-3061 (412) 282-0864 
“Telex 559215 SLRSYS 


Noe we Ms ~ ¢ IBM PC Software Included or RS-232 to any computer 

tt. e ASCII Command driven operation; All intelligence in unit 

e Bots Programs, Copies over 150 types from 2716 to 

¢ Optional Intel microcontroller programming head 

¢ Menu-driven Chip Selection; No Personality Modules 

e Fast, Slow, Quick-Pulse Programming Algorithms 

e Intel (8080 & 8086), Motorola, Tekhex, Straight Hex Files 

¢ Splits Files by Base Address and Odd/Even (16 bit 
systems) 

e Gold Textool ZIF IC socket ¢ Full One-Year Warranty 

¢ Generate & Set Checksums ¢ 5,12.5,21,25V Programming 

¢ Over-Current Protection e U.V. Erasers From $34.95 

e 8 Baud Rates 300 to 38,400 


BP Microsystems 
5325 Glenmont, Suite E, Houston, TX 77081 
(800)225-2102 (713)667-1636 
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Over 1000 library parts 

User can add new library parts 

Creates net list 

Prints bill of material 
Supports IBM, EPSON, TOSHIBA, OKIDATA 
PRINTER H.P. & Houston Instrument 
Plotter 

@ PCB check will be available soon 


DEMO DISK $10 


Tf ¥ = 2780 S.W. 14th Street 
Pompano Beach, FL 33069 


800-9PC-FREE 305-975-9515 


RS-232 to IEEE-488 Controller 
with Transparent Operation 


Allows control of up to 15 individually addressed 
IEEE-488 GPIB or HPIB devices from one 
RS-232 port. ls compatible with IBM PC/Apple/ 
etc. Takes up no slots. Very easy to use. Works 
with any computer language. Fast. 300 to 
115,200 baud. 2 year Warranty. 30-day trial. 


1-800-426-2872 


Connecticut microComputer, Inc. 
P.O. Box 186 Brookfield, CT 06804 
203-354-9395 TWX 710-4560052 


CIRCLE NO 226 


STD BUS USERS! 
= 


The 890 Z80A Multifunction CPU card is an 
integrated hardware/software solution for 
industrial control applications. 


* STD BASIC ™—Resident, * 8 digital I/O lines 


fast, floating point BASIC ° 16K static RAM 
* Generates ROMable code _— + Status LED 
* 4 MHz Z80A processor * Object Code Debug 
* 128K of memory addressing Monitor 
* Dual RS-232C serial ports * Peripheral cards 
* 4 counter-timer channels available 


* Auto run capability * 5 year warranty 
Call 303-426-8540 For immediate Response 


OCTAGON SYSTEMS 6510 W. 91st Avenue 
CORPORATION Westminster, CO 80030 
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CHIP CHECKER™ 


IN-CIRCUIT DIGITAL IC TESTER 


THE CHECKER WITH MORE FEATURES PER DOLLAR! 


® Compares ICs in-circuit 
during actual operation 


= Compatible with most 
TTL families 

® Checks tri-state and ® No complicated switches 
bi-directional ICs to set 

® Checks 14, 16, 18, and ®™ Static/dynamic modes 
20 pin ICs 

® Detects and latches 
intermittent errors 


= Includes power supply 
and test clips 


FREE BROCHURE OR ORDER FACTORY DIRECT 
CHIP CHECKER Model TTL—I 


MICROCRAFT CORPORATION : P.O. BOX 513 
THIENSVILLE, WI 53092 414/241-8144 


CIRCLE NO 227 


ITT Schadow’s keyboard switches 
meet DIN standards. 


International approvals are easier to 
get with DIN-approved DC60 keyboard 
switches. Modular design allows ver- 
Satility in board layout; full travel makes 
data entry more accurate. Trifurcated 
gold contacts and a wiping action on 
each keystroke assure réliability. 
Worldwide sourcing is available. 
ITT Schadow Inc. 
8081 Wallace Road 
Eden Prairie, MN 55384 
(612) 934-4400 


For an ITT Schadow Catalog, Circle No. 200 
For Sales Engineer Call/Samples, Circle No. 201 


SMARTWORK® Circuit-Board-Artwork Software. For only 
$895, smARTWORK® lets the design engineer create and 
revise printed-circuit-board artwork on the IBM Personal 
Computer. Forget the tedium of taping it yourself or 
waiting for a technician, draftsman, or the CAD depart- 
ment to get to your projects. With smARTWORK® you 
keep complete control over your circuit-board artwork 
from start to finish. Call or write to Wintek Corporation, 
1801 South Street, Lafayette, IN 47904-2993. 
(317) 742-8428, (800) 742-6809. 


CIRCLE NO 228 


Dependable Communications 


Crystek Crystals offers their new 16 page 
free catalog of crystals and oscillators. Of- 
fering state of the art crystal components 
manufactured by the latest automated 
technology. Custom designed or “off the 
shelf,’ Crystek meets the need, worldwide. 
Write or call today! 


CRYSTEK CRYSTALS 


1000 Crystal Dr. ¢ Ft. Myers, FL 33907 
P.O. BOx 06135 « Ft. Myers, FL 33906-6135 
TOLL FREE 1-800-237-3061 
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8-pin through 48-pin sizes with capacitance 
1| values of .01 to .1 microfarads, 50 VDC. * Screw 


CROSS-16 META 


ASSEMBLER IBM PC to HP 
file interchange !!! 


Table driven 8/16 bit cross-assembler 


Tables & Example Source Files are included for 


1. PCLIF (Rev 2.5) - New release of 
ALL of the following processor families: 


the software utility that allows 

the transfer of files between an 

IBM PC and HP computers using 

floppy disks. 

e 5.25" transfers don't require 
any additional hardware ! 

e 3.5" disk transfers require 
an ISS FDD35 drive system. 

e runs on the IBM PC, XT, AT 
and the HP Vectra. 

2. FDD35 —- An external 3.5" DS/DD 
floppy disk drive system for the 
IBM PC and XT. 

@ easy connect to IBM PC disk 
drive controller. 
e can be used by DOS and PCLIF. 

oo  mEmnaEnEeEnnanmeeeeeemnnmenmened 
INNOVATIVE SOFTWARE SYSTEMS 

: 1611-D Crenshaw Blvd. Suite 122 

Universal Cross-Assemblers Torrance, CA 99599 


P.O. Box 384, Bedford, N.S. (213) 544-2465 
Canada B4A 2X3 


1802 3870 64180 6502 
6801 6805 6809 6811 
68000 8048 #8051 8085 
8086 8096 Z8 Z80 


Manual contains full instructions for creating 
new tables for other (future) processors. 

NEW DECOUPLING CAPACITOR SOCKETS. 
¢ One-piece capacitor/socket mounts in heights 
of .165", .120", .095” above board. « Chip 
capacitor is surface mounted to socket body. 


Produces 8/16 bit Intel and Motorola hexcode. 


5”. DSDD for PC/MS-DOS 2.0 or greater 


$9995 US $ 13995 CDN 


machine hi-rel terminals with four-finger 
contacts. * Tapered entry for ease of insertion. 
° 100% anti-solder wicking. Advance your socket 
technology. Call or write for more information on 
this innovative decoupling capacitor socket. 
ADVANCED INTERCONNECTIONS, Five 
Division Street, Warwick, RI 02818 (401) 885- 
0485 TWX 710 3820400 


Worldwide shipping (AIRMAIL) & handling included. Credit 
Card orders ($139.95 CDN) please specify: Card number, 
name on card and expiry date. 
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Join Forces 


j r * Runs on IBM PC/XT/AT or compatible, supporting most common 
ae ake Hath graphic boards, printers and plotters 
¢ Over 2000 unique library parts 
EDN Product Mart ads * Part rotation & mirroring 
* Rubberbanding of wires & buses when objects are moved 
for a total 
¢ Supports A through E size sheets 
marketing program. * Visible grids, 5 zoom levels 

& * Color & monochrome graphics 

* Draws non-orthogonal wires & buses 
EDN P roduct Mart + Step & repeat with auto increment/decrement of labels 


* Powerful keyboard macros & auto panning 
- Net/wire list, BOM, design check & library creation utilities 


OrCAD gives you so many features, nothing else even comes close. 
Why settle for anything less? At only $495 you will discover that 
OrCAD/SDT is the most powerful and cost effective schematic design 
tool available ...at any price! 


Call today for your Free Demo Disk and brochure. All orders are 
shipped from stock for immediate delivery! 
OrCAD Systems Corporation 
1049 S.W. Baseline, St., Suite 500 
Hillsboro, OR 97123 
(503) 640-5007 
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68020 


Big Performance Boost! 


INTRODUCING THE FIRST HD64180 
SINGLE BOARD STD BUS COMPUTER 


a _ i WinSystems offers the powerful Hitachi 
allow quick and reliable prototype of VSLI in LCC and PGA packages on CMOS 64180 enhanced processor compatible 
standard and es aceraleectr _ Test — see route with 8080/Z80 software. Features include 
VLSI pins to ribbon cable headers to facilitate probing. Device sizes - : 
68 to 149 pins. Processors supported include Intel 80186 family, 68000, - rb i Nase deste Ee a yp Serta 
68020, 80386, 32132, and signal processing IC’s. Constructed with gold -< Ser 
machined pins. Ribbon cable adaptors for 40 and 64 pin DIP’s. Fast turn- hardware multiply, & watchdog timer on the 
around on customs. Customs done on test assist or prototype adaptors LPM-SBC5. Supports RAM, EPROM, & 
to any type of wirewrap board. EEPROM. Available in NMOS/TTL or CMOS 
7 — onthe STD Bus. WinSystemsInc., P.O. Box 
7564 Trade St., San Diego, CA 92121 /(619) 566-3911 121361, Arlington, TX 76012. 817/274-7553 


PO BOX 21-151 ST. PAUL, MN 55123 
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(612) 431-7025 
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e 500% plus performance. e Plugs into any existing 
68000/68010 socket. e On-board 68881 floating point 
math coprocessor chip. ¢ Runs all 68000/68010 pro- 
grams. e Great for prototyping the 68020 CPU & 68881 
floating point math coprocessor. ¢ 222% Performance 
improvement over the 68000 at 12.5 mhz; the EDN 
linked list insertion Benchmark showed at 248% 
improvement. 


Computer System 
Associates, Inc. 


Philips low profile IR sensors 


for as little as $3.50. 


Dimensions in mm. 


“ Tz} 


Now you can design big performance into a very 
small space with the new Philips ceramic IR sensor 
from Amperex ... and do it at a surprisingly low cost. 

The most advanced motion sensor available today, 
the Philips IR sensor is made of our own pyroelectric 
ceramic material that provides a very high level of 
sensitivity. It is extremely rugged and insensitive to 
moisture. And its immunity to common mode signals 
such as those generated by variations in ambient 
temperature, background radiation and acoustic 
noise virtually eliminates false operations. 

The low profile and small footprint of this remark- 
able new sensor enable you to create more compact 


Ampere 


full rad. 


(Patent Pending) 


W 
iN 


equipment designs for remote switching applications 
SUuCN as Occupancy monitoring, intrusion alarm, light 
switching, counting, level monitoring, speed indica- 
tion and many other safety and security operations. 

Whatever your application, when it calls for low cost 
and big performance in a very small space, design it 
around Amperex/Philips. 

For detailed information and a sample device, write 
on your company letterhead to Amperex Electronic 
Corporation, A North American Philips Company, 
George Washington Highway, Smithfield, R! 02917. 
Phone (401) 232-0500. TWX: 710-381-8808. In Canada 
contact Philips Electronics Ltd, ELCOMA Division. 
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SSIONAL ISSUES 


EE students learn the newest technologies 
but some are opting for non-design jobs 


Deborah Asbrand, Staff Editor 


Not surprisingly, electrical-engi- 
neering undergraduates are flock- 
ing to classes that offer them infor- 
mation on the newest technologies, 
hoping to gain an edge in the job 
market. Classes in computer engi- 
neering, communications, telecom- 
munications, and space science are 
attracting the greatest number of 
students. Although the majority of 
students plans to work as design 
engineers, a small but growing 
number are foregoing design jobs in 
favor of sales or marketing positions 
or even further schooling in law or 
business. 

Regardless of the career paths 
that engineering students eventual- 
ly take, as undergradu- 
ates, most are enamored of 
courses covering leading- 
edge technologies. At 
Stanford University, for 
example, undergraduates 
are signing up in large 
numbers for classes in 
computer architectures 
and languages. Also popu- 
lar are courses in VLSI 
design and the develop- 
ment of VLSI design proc- 
esses, as well as the study 
of new materials and mi- 
crostructures such as galli- 
um arsenide and III-V 
compounds. Furthermore, 
Stanford professor Robert 
White reports renewed in- 
terest in space science. Be- 
hind this surge in interest, 
says White, are the space- 
based facilities that offer 
engineers and scientists 
technical challenges that 
earlier, earth-bound proj- 
ects didn’t offer. 

Students at Rensselaer 
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Polytechnic Institute (RPI), too, are 
interested in the advanced automa- 
tion systems and robotics that 
power high-performance space air- 
craft, says Vicki Lynn, director of 
RPI’s Career Development Center. 
Communications courses, where 
students learn the intricacies of 
communications circuits, circuit 
synthesis, and computer organiza- 
tion and logic design, are another 
big draw. 

Computer and computer-engi- 
neering courses continue to attract 
large numbers of students. At Poly- 
technic Institute of New York, jun- 
ior-year electrical-engineering stu- 
dents can choose to follow the 
standard curriculum or opt for a 
technical concentration in comput- 
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ers, bioengineering, electrophysics, 
or power. Sixty percent of the stu- 
dents select the computer-engineer- 
ing option, which provides an intro- 
duction to data _ structures, 
assembly and machine languages, 
switching and digital systems, and 
computer architectures. 


Students are quick to follow 


Collegians’ technical interests 
pragmatically mirror those of indus- 
try. “Industry sets the demand, and 
students pick up on that quickly,” 
notes Chalmers Sechrist, a profes- 
sor of electrical engineering at the 
University of Illinois at Urbana- 
Champaign. Stanford’s White says 
that many engineering students are 
regular readers of industry trade 
magazines and often follow 
the trends that the publi- 
cations spotlight. “Stu- 
dents are surprisingly well 
aware” of the technologies 
that hold the most job po- 
tential for them, he says, 
and “they react quickly to 
the changing market.” 

A recent increase in in- 
terest in microwave engi- 
neering is a good example 
of students’ knack for fol- 
lowing job-market trends, 
says Sechrist. “There was 
a shortage of people in mi- 
crowave engineering for 
some years, and industry 
was hurting because they 
eouldn’t hire people with 
microwave backgrounds. 
The students heard about 
it and responded.” 

Occasionally, students’ 
desire to follow new techni- 
cal avenues causes them to 
overlook areas that, al- 
though not as fashionable 
as computer engineering, 
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for example, still offer good job op- 
portunities. One case in point is 
power engineering. Programs in 
this once-popular specialty now 
draw many fewer students than 
communications and computer 
courses. “It’s not as flashy as some 
of these other areas, and it doesn’t 
take the same level of high technolo- 
gy as other areas,” says Hannis 
Thompson, professor of electrical 
engineering at Purdue University. 
“But there are jobs there.” 


Co-op jobs help placement 


Students’ school-related work ex- 
periences, usually in the form of 
internships and co-op jobs, also 
heavily influence the technical top- 


_and the latest technologies. 


study for specialization. 


equations. 


engineering.” : 
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Faculties aim to teach both 
new and old technologies 


As electrical engineering becomes an increasingly specialized disci- 
pline, faculties are trying to keep the ever-growing 4-year under- 
graduate curricula a balance of courses in math and physics theory 


“Students have to be trained for a long career of changing tech- 
nology,” says Stanford University professor Robert White. “Our job 
is to try to provide an education that’s as nonperishable as possi- 
ble.” For White, that means plenty of courses in basic mathematical 
and scientific theory. He believes both undergraduate and graduate 
engineering education should be kept broad, reserving postgraduate 


Still, the new technologies are what excite students and where the 
most impressive postgraduation jobs lie. Without dampening stu- 
dents’ enthusiasm, engineering professors often must coax under- 
graduates to choose a broad selection of courses. Students partici- 
pating in co-op programs, in particular, become excited about the 
technology they have been exposed to in their industry positions. 
Often they return to campus wanting their academic schedules to 
reflect their newfound technical interests. In these cases, Says 
Hannis Thompson, coordinator of Purdue University’s electrical-en- 
gineering co-op program, he and other student advisors have the 
unenviable task of reminding a student who is excited about VLSI 
design, for example, of the importance of mastering differential 


Engineering professors agree that they have a responsibility to 
guard against overspecialization. “It would be a mistake for schools 
to narrow the students’ [education],” says Henry Bertoni, a profes- 
sor of electrical engineering at Polytechnic Institute of New York. 
With industry segmented into narrow niches, he says “school is the 
last place [where] a student is going to get to take a broad look at 


ics they choose to study. Students 
who participate in co-op programs 
achieve an especially keen sense of 
the skills they need to develop to 
become more marketable. Co-op ex- 
periences often impact their eventu- 
al place of employment: At Purdue 
University, 50% of the engineering 
co-op students accept full-time posi- 
tions after graduation with their 
co-op sponsor. 

In addition to market trends and 
potential job opportunities, howev- 
er, there is another influence on 
students’ technical interests. Put 
simply, says Thompson, students 
often follow technologies that they 
know best. Their interest in com- 
puters, for example, reflects not 


only the job market but also their - 
familiarity with them. “Computers 
have been a part of their lives since 
high school,” Thompson says, and 
working with them provides an im- 
mediate sense of accomplishment 
that traditional, slower-paced elec- 
tronic design does not. 

Perhaps what most distinguishes 
current engineering students from 
those in the past is their growing 
interest in applying their engineer- 
ing skills to jobs outside of design 
engineering. “Generally our stu- 
dents are looking at engineering as 
a stepping stone to a more flexible 
career,” says Mark Savage, coordi- 
nator of engineering placement at 
Cornell University. “A lot of stu- 
dents say they don’t want to do 
hard-core engineering, but they 
want to do something in the [techni- 
cal] arena.” Recruiting the second 
largest number of students from 
Cornell’s class of 1985 wasn’t a com- 
munications or computer company, 
but the consulting company Arthur 
Andersen and Co. 

“There is a range of things you 
can do with an engineering degree,” 
says RPI’s Lynn. “A lot of our stu- 
dents are getting the degree and 
going on to law school, for example, 
or into management. They’re using 
it as a base to build on.” Press 
coverage of successful start-up com- 
panies in Silicon Valley and the 
Route 128 area in Massachusetts 
has given many students the entre- 
preneurial itch. Undergraduates at 
RPI can take courses that introduce 
them to the basics of building their 
own companies; an on-campus busi- 
ness “Incubator” also lets students 
explore the commercial possibilities 
of their own product ideas. Says 
Lynn, “There’s a lot of interest in 
being the next Steven Jobs.” 


Marketing is attractive 


In recent years, marketing oppor- 
tunities have begun to hold an 
equally strong allure for engineer- 
ing undergraduates. A survey of 158 
engineering seniors at Cornell 
found that 26% expressed an inter- 
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NANOWAIT 
CIRCUITRY 


Memory loss is a plaguing 
problem but we’ve prescribed a 
solution with the availability of 
Nonvolatile SRAMs. 


replacement for other 
JEDEC byte wide 
memories. 


ALSO AVAILABLE IS 
E DS1225 8K X 


Advanced CMOS circuitry has re- & TH 
duced power requirements to the “Sane ~ WNONVOLATILE CMOS STATIC 
point that a memory using appropriate ——— ; AM The DS1225 is an 8K X 8 


gi a can be searigs with a pas cos : nonvolatile CMOS static RAM that 
ithium energy source that maintains data, an Be ee eee 150 wannseconds: De- 


lasts the useful life of the equipment. signed to supercede a variety of EEPROMs, the 


DALLAS SEMICONDUCTOR BUILDS RAM has unlimited write cycle endurance. The 
CHIPS THAT DO NOT FORGET. In 1984, we =. 28-pin memory has a self-contained lithium en- 
began shipping 16K and 64K Nonvolatile ergy source to retain data for more than 10 years 
SRAMs. Nonvolatile RAMs work just like other in the absence of power. Automatic write protec- 
CMOS byte wide static RAMs, with the excep- tion prevents data from being garbled during 
tion that when the power goes away the data is power fluctuations. The DS1220 is a 24-pin 2K 
still there. ! X 8 version. So now you can remedy your power 
NOW THE pSi235 K NONVOLATILE failure and the resulting loss of stored data. 
SRAM IS IN PRODUCTION. Organized 32K Just order your prescription from 
X 8, and accessing in 150ns, it is a drop-in DALLAS SEMICONDUCTOR 


{> DALLAS SEMICONDUCTOR = 4350 BELTWOOD PARKWAY SOUTH - DALLAS, TEXAS 75224 = 214-450-0400 
DISTRIBUTORS: AVED, ADVENT, ALMAC, FUTURE, GRAHAM, HALL-MARK, INDUSTRIAL COMPONENTS, INSIGHT, MILGRAY, QUALITY COMPONENTS, SRA, WESTERN MICRO, WYLE 
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Power Your 
Communications. 


Communicate Your Power. 
With TDK Ferrite Cores. 


As telecom technology switches to digital, and 
power supplies switch to switchers, quality and fea- 
tures of ferrite cores take on added importance while 
generating new reasons to talk to the undisputed 


leaders, TDK. 


Next time you're in our neighborhood, come and 
take a look at the world’s largest production of ferrite 
materials. TDK manufactures ferrite cores from the 
raw materials on up, with totally automated produc- 
tion systems. 50 years of experience and a continu- 
ous R & D program are reflected in unique features 
and unsurpassed quality levels. 


ISSUES 


est in a sales or marketing job. 
According to Savage, several years 
ago the university couldn’t fill the 
interview schedules it had for cam- 
pus recruiters of sales and market- 
ing positions. But during the last 
two years, he says, “we’ve had wait- 
ing lists.” 

“There’s been a real push by com- 
panies to educate students as to 
what marketing is,” Lynn says. 
“[Marketing] is not just the vacuum 
cleaner salesman throwing dirt on 
the rug. It’s very sophisticated, and 
students realize they’re going to use 
their technical skills and experi- 
ence.” Lynn attributes part of the 


For telecom and oe change to what she calls “the yuppie 
power supply appli- syndrome.” Students sense that 
cations, TDK ferrite 2 marketing positions offer them 
cores include: E higher corporate visibility than en- 


© Hiah F gineering jobs and better prepare 
ame ide eee LAM tes them for fast-track careers that lead 
We ge en aa to top-management positions. 


tand/[i vs. Frequency Characteristics 


© Low loss types with 
significantly reduced 
loss factors up into the 
MHz range; 


“Generally our students are 
looking at engineering as a 
stepping stone to a more 
flexible career.” 


@ Extremely low power 
loss and reduced tem- 
perature surge types 
(H7c4); 


@ TDK original cores, 
EEC, EP, LP and PQ 
as well as IEC standard 
core shapes including 
EEC, POT, RM, etc. 


Relative Loss Factor (tand/[Li) 


Freq. (kHz) 


Power Loss vs. Temp. 


Although the percentage of engi- 
neering students exploring careers 
outside of design is growing, the 
majority of students still plan to 
work as designers. Most of the stu- 
dents that Lynn counsels look for- 
ward to careers as design engineers 
and dream about “designing a high- 
performance aircraft or a robot 
that’s going to walk in space.” 

Henry Bertoni of the Polytechnic 
Institute of New York says his stu- 
dents, too, resist the tug toward 
managerial work in favor of jobs as 
design engineers. “Our students are 
often first- or second - generation 
[Americans]. Many of them have as 
their first ambition a steady job 
with a good salary.” EDW 
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TDK CORPORATION OF AMERICA HEAD OFFICE 4711 West Golf Road. 
Skokie, IL 60076, U.S.A. Phone: (312) 679-8200 

TDK CORPORATION Tokyo, Japan. 

MH&W INTERNATIONAL CORP. 14 Leighton Place, Mahwah, New Jersey 
07430 U.S.A. Phone: (201) 891-8800 

MH&W INTERNATIONAL (CANADA) LTD. Phone: (416) 676-9401 
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13,000 titles we offer, complete and mail the 
coupon to: University Microfilms International, 
300 N. Zeeb Road, Ann Arbor, MI 48106. Call us 
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Engineering 


ATE 
Professionals 


Contraves, a world class high technology manufacturer of 
Precision test equipment, has experienced continuous 
growth and expansion in Mil-Spec ATE Arena and is cur- 
rently seeking highJy motivated individuals at all levels of 
expertise. Supervisory personnel must Possess a proven 
track record in a military electronics environment: while staff 
Positions must have exposure to military standards and prac- 
tices including: MATE, ATLAS, or inertial systems engi- 
neering. 


The following is a partial list of employment opportunities: 


Date 
Oct. 30 


Nov. 13 


¢ Digital Servo Controller—lead and design engineers 

e Test Program Set Development—lead and design 
engineers 

° ATE Systems Engineers—lead and design engineers 

° Circuit Designers—analog and digital 

¢ Real-Time Micro Processor Software Engineers 

e Logistic Support-documentation, RMA, quality 
assurance 

e Management—ILS, subcontracts, software, systems 


Nov. 27 


Dec. 11 


Located in a desirable northeast location, Contraves offers 
competitive starting salaries along with a liberal relocation 
assistance program and excellent benefits including a 401(k) 
program. For immediate consideration contact: Mark.Gaia, 
Senior Personnel Administrator, CONTRAVES GOERZ 
CORPORATION, 610 Epsilon Drive, Pittsburgh, PA 
15238. (412) 967-7700, ext. 7924. An Equal Opportunity 


Employer. 


Contraves Goerz Corporation 


Dec. 25 


in Boise, Idaho. 


ASSEMBLY 


Ceramic IC Packaging Engineers 
Plastic IC Packaging Engineers 


MARKETING / 
APPLICATIONS 


Technical Marketing 


WAFER FAB Representative 

VLSI Process Engineers 

VLSI Device Engineers 

Cleanroom Equipment FACILITIES 
Technicians HVAC Design Engineer 


TECHNOLOGY, INC. 


"We're building our reputation on innovation" 
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Issue Recruitment EE 


Deadline 
Oct. 8 


Oct. 23 


Nov. 6 


Nov. 18 


Dec. 4 


MICRON TECHNOLOGY: 
REACHING THE PEAK OF HIGH TECHNOLOGY 


Would you like to work for the most aggressive All-American DRAM manufacturer in the USA? Our 
openings will give an individual the Opportunity to be part of our already creative team. If this sounds like 
the career climb you have been waiting for, please contact us for a local interview. Positions are located 


DRAM Application Engineer 


CAREER OPPORTUNITIES 


1986 Editorial Calendar and Planning 
uide 


Editorial Emphasis 


Batteries; Converters; Wes- 
con '86 Product Preview; 
European Electronics; Com- 
puter Boards 


Wescon ’86 Show Issue; Op 
Amps; CAE; Semicustom 
ICs (CAE- related*); Artifi- 
cial Intelligence 
(CAE-related*) 


Closing: 11/3 
Mailing: 11/25 


Microprocessor Technology 
Report & Directory; CAE; 
Passive Components 


Product Showcase—Volume 
I; ICs & Semiconductors; 
Hardware & Interconnection 
Devices; Power Sup- 
plies/Sources; Software; 
Literature on Computers & 
Peripherals, Components, 
Test & Measurement Instru- 
ments, International 
Products 


Product Showcase—Volume 
II; Computers & Peripherals; 
Components; Test & Meas- 
urement Instruments; Inter- 
national Products; Literature 
on ICs & Semiconductors, 
Hardware & Interconnection 
Devices, Power Sup- 
plies/Sources, Software 


PRODUCT / TEST 
DRAM Final Test Engineers 
VLSI Product Engineers 


DESIGN 
Digital System Design 


Engineers 


MOS Logic Design Engineers 
VLSI Design Engineers 
VLSI CAD I.ayout Verification 


Engineers 


Debbie Keith « Micron Technology, Inc. 
Professional Recruitment + (208) 383-4038 


2805 East Columbia Road + Boise, Idaho 83706 
An Affirmative Action / Equal Opportunity Employer 
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Engineering Opportunities with Emerson Electric’s 


Government and Defense Group 


e SR. ENGINEERING SCIENTISTS 

e ATE ENGINEERS 

@ SOFTWARE DESIGN ENGINEERS 

@ RELIABILITY /MAINTAINABILITY ENGINEERS 

@ ENGINEERING PROJECT PLANNING SPECIALIST 


We are looking for a select group of professionals to work on 
major government and defense contracts awarded to Emerson 
Electric. Diverse projects are available for individuals who meet 
or exceed our professional and educational standards. All disci- 
plines listed will work out of our world headquarters facility in St. 
Louis. Candidates considered qualified must have a BSEE, 
BSEET, BSCS degree or higher, as specified. 


SR. ENGINEERING SCIENTISTS 

Sr. Systems Engineers with Ground Radar or airborne radar sys- 
tems experience will pursue new business development oppor- 
tunities. Develop concepts, functional requirements and system 
specifications for all elements of radar including processors, 
antenna, transmitters and displays. Prepare and present techni- 
cal presentations (both internal and external). Interface with cus-, 
tomers to assess requirements and provide technical solutions 
for customer needs. Lead and manage technical proposal prepa- 
rations and internal CRAD/IRAD programs. 


Minimum of 10 years or more experience in radar systems is 
required. Specific experience in the areas of coherent airborne 
radar and/or experience in millimeter wave radar is highly 
desired. Minimum BSEE, physics or math background required 
and MSEE desired. 


ATE ENGINEERS 

Project Engineers and Staff Engineers will plan, estimate, direct, 
monitor, and control all Engineering hardware and development 
tasks of a given ATE project/program from proposal preparation 
through system development. 


Requires minimum of 8 years experience in design and devel- 
opment and/or engineering management of test equipment sys- 
tems with emphasis in RF & Digital. 


Design Test Systems hardware and Test Program Sets. 


Requires minimum of 3 to 10 years experience in electronic 
systems, testing and design including programming experience 
in ATLAS, FORTRAN, Pascal, Ada, JOVIAL or Assembly 
languages. . 

SOFTWARE DESIGN ENGINEERS 

Requires real-time signal processing software development 
experience in 6809, 68000, and 68020 microprocessors. Addi- 
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tional positions require experience in the design and develop- 
ment of Test Systems Software and application of systems. All 
positions require experience in one or more of the following 
systems or languages: VAX/VMS, 1750A, FORTRAN, “C”, Ada, 
JOVIAL, FORTH, Assembly languages, and ATLAS. A minimum of 
3 to 10 years experience with BSEE or BSCS/Engineering 
required, MS preferred. 


RELIABILITY /MAINTAINABILITY ENGINEERS 

Perform reliability and maintainability related analysis of elec- 
tronic and mechanical systems. Prepare proposal and program 
plan inputs. Interface with design, components, failure analysis, 
logistics, and test engineering personnel. 


Requires minimum of 2 to 7 years electronic circuit analysis and 
preparation of reliability related analysis. Must be familiar with 
reliability and maintainability MIL-Specs and program 
requirements. 


ENGINEERING PROJECT PLANNING SPECIALIST 

Duties will include preparation, coordination and maintenance 
of work breakdown structures, work authorizations, intermediate 
and detailed schedules in support of Program Master Sched- 
ules, Budgets, and Manpower Forecast Requirements. 


Excellent growth opportunities exist in Armament, Electronics 
and Test Systems Product Lines for those Engineering Project 
Planning candidates with a minimum of 5 years experience, a 
BS in Business Administration, Industrial Engineering or com- 
parable experience. Experience on either C/SCSCRC/SSR pro- 


jects is a definite plus. 


Compensation is commensurate with your credentials and 
includes generous fringe benefits. For prompt consideration, 
send your confidential resume or call our toll-free number 
1-800-325-0783. 


Irma Shillito 

Mail Station 4304 

Dept.EDN , 

Electronics and Space Division 
EMERSON ELECTRIC CO. 
8100 W. Florissant 

St. Louis, MO 63136 


An equal opportunity employer. U.S. citizenship is required. 


EMERSON ELECTRIC Co. 


Electronics & Space Division 
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TALK TO 
US ABOUT 
TACTICAL “SS 
COMMUNICATIONS 


Were inviting top professionals to get involved at the start of the world’s most signifi- 
cant tactical communications project. GTE Tactical Systems Division's (TSD) Mobile 
Subscriber Equipment (MSE) program. 


Currently, we need: 


¢ Project Managers/Supervisors * Quality Engineers 
¢ Systems Integration/Test Engineers 
¢ Logistics Writers ¢ Technical Writers 


The MSE project offers you an exceptional level of responsibility, variety and challenge. 
You will work with the world’s leading communications experts in an environment 
which provides strong support and rewards. At TSD your success will be recognized 
within GTE and across the communications industry. We offer a generous compen- 
sation package including exceptional benefits. 


If you feel you could contribute to TSD in the areas of immediate need listed above, 
please send your resume to: 


GTE Government Systems, Tactical Systems Division. Employment Department EDN-2, 
79 Second Avenue, Needham MA 02194. 


An equal opportunity employer m/f. 
U.S. Citizenship required. 


Tactical Systems Division 


Government 
Systems 


Place equivalent space 
Reduced in both EDN Career 
8 Opportunities and 
Recruitment EDN Career News in EDN 
6 the same month and get a = . 
Rates! as dices oft agnor on pen 


Career News rate. "Managers in Electronics 
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ERIM REPORT #4 


The Science of Range-Doppler Imaging 


Fundamental range-Doppler radar imaging 
methods developed at ERIM are providing 
new Capabilities in a variety of applications. 
Range-Doppler Imaging 

Fine Resolution microwave or laser images 
of objects which are rotating with respect to 
the radar system can be formed using the 
principles of range-Doppler imaging. Range 
resolution for such a system is provided by 
ranging with wideband waveforms subjected 
to pulse compression to accurately measure 
distance to the scatterers of interest. Cross- 
range, or azimuth, resolution is provided by 
performing Doppler-frequency spectral 
analysis (FFT) within range bins. Signals 
with higher Doppler frequency content are 
associated with scatterers of greater line-of- 
sight velocity which in turn implies increas- 
ing cross-range Offset from object center. 
Display of the range bins and Doppler- 
frequency cells within range bins in a rectili- 
near grid results in a reflectivity image of the 
rotating object or scene. 


With this approach, finer azimuth resolution 
is obtained by performing the Doppler spec- 
tral analysis over increasing time intervals. 
However, as one Strives for finer resolution 
the integration time can become so long that 
individual scatterers begin to move through 
the image resolution cells that one is 
attempting to form. In such a case the 


resultant image quality actually degrades 
with increased integration time. 


Polar-Format Algorithm 


A number of image-formation algorithms 
have been formulated to compensate for the 
effects of motion through cells during the 
integration period. The Polar-Format Algo- 
rithm, developed at ERIM for use with our 
ground-based and airborne imaging radar 
systems, has become widely noted as an 
extremely powerful, yet elegantly simple and 
efficient method for overcoming these pre- 
vious limits of imaging capability. The 
images below show a Volkswagon and its 
associated microwave range-Doppler image 
processed using the Polar-Format algorithm. 
This image was produced using the ERIM 
ground-based, range-Doppler imaging 
facility. 

Applications 

Fine-resolution range-Doppler imaging is 
applicable to a number of situations, includ- 
ing space object imaging (SOl), Inverse Syn- 
thetic Aperture Radar (ISAR), and Spotlight- 
mode SAR for airborne imaging of ground 
scenes. In principle, the approach is suited 
to both optical and radar wavelengths, Also, 
the theory has been extended to allow for 
three-dimensional imaging of objects given 
suitable signal collection configurations. 
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The Environmental Research Institute of 
Michigan (ERIM) is a scientific research 
institute that performs contract research 
services for a variety of sponsors. Our 

sponsors include government organiza- 


tions, industry, and universities. Research 
at ERIM focuses upon remote sensing sys- 


tems, devices, and techniques that span 


the electromagnetic spectrum. Within this 
broad research area, staff members employ 


their knowledge of modern electronics, 


optics, computer science, and infrared and 


microwave physics. 
Career Opportunities 


ERIM’s technical divisions have research 
and management positions available in 


Ann Arbor, MI, Washington, DC, and Los 


Angeles, CA. Positions are available at 
several levels in the following areas: 
e@ Radar System Engineering 
and Analysis 
@ Signal and Image Processing 


@ Microwave Scattering and 
Measurement Engineering 


@ Diffractive Optics 


@ E-O/IR System Design and 
Analysis 


Infrared Phenomenology 
Computer Vision 
Optical Computer Systems 


Phase Retrieval/Signal 
Reconstruction 


All positions require a BS, MS, 

or PhD in engineering, physics, 
mathematics, or statistics, along 
with appropriate work experience. 
Salary and benefits are highly 
competitive. 


For details, telephone (313) 
994-1200, ext. 2260. Or send your 
resume to Personnel Administrator, 
Dept. EDN, ERIM, P.O. Box 8618, 
Ann Arbor, Mi 48107-8618. 


LFIM 


U.S. Citizenship required 
Equal opportunity employer 
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We're worldwide. 
We're long established. 


We're in Santa Clara. 


We’re Siemens. Pushing back barriers in the semiconductor 
industry to open up a new world of opportunity for progressive, 
risk-taking professionals. 


An innovator known the world over for nearly 140 years, we're 
making a tremendous investment in the future as we move 
Siemens’ Semiconductor Group to Santa Clara. The environment, 
the resources and the commitment are virtually unparalleled. And 
you can be a part of this dynamic environment in one of these 
select positions. 


VLSI SYSTEMS/LOGIC ENGINEERS 


Requires a minimum of 3+ years experience in VLSI architecture, 
logic and simulation for LAN products. Strong CAE/programming 
skills necessary. 


SEMI-CUSTOM IC DESIGNERS 


Requirements include a BSEE (MSEE preferred) and a minimum 
of 3 years experience in gate array and CMOS standard cell 
design. 


PRODUCT MARKETING MANAGERS 


Requires a BSEE or equivalent with a minimum of 3 to 5 years 
marketing experience and a strong background in either optoelec- 
tronics, semiconductors, or the military components marketplace. 


SENIOR APPLICATIONS ENGINEERS 


Requires a BSEE (MSEE preferred) and a minimum of 5+ years 
systems experience. Proficiency in power transistor circuit 
design/troubleshooting, MOSFET circuits and process tech- 
nology necessary. 


For the above openings, send resume indicating position of inter- 
est to: Professional Staffing 


MARKETING — STRATEGIC ACCOUNTS 


Responsible for marketing activities of multinational strategic 
accounts throughout the United States, you will negotiate multi- 
national contracts, identify new business opportunities for these 
accounts and develop close working relationships with strategic 
accounts to define future product generations. Requirements 
include a Business/Marketing degree (BSEE preferred), a min- 
imum of 2-5 years related experience and excellent communica- 
tions skills. 


For the above opening, please send resume indicating position of 
interest to: P. Henderson, Technical Recruiter. 


PRODUCT MARKETING MANAGERS 
TELECOM ¢ MICROPROCESSOR/ MICROCONTROLLER 


Seasoned IC marketing professionals can parlay a BSEE (MSEE 
preferred) and a minimum of 7 to 10 years of experience into the 
opportunity of a lifetime. We are interested in aggressive marketers 
who can assume full product responsibility, new business devel- 
opment, and marketing interaction with our Munich headquarters. 
Focus will also be placed on the staffing and management of our 
marketing and application engineering group. 


Additionally, Product Marketing Managers - Telecom, will need 
LAN experience. Product Marketing Managers - Microprocessor/ 
Microcontroller will need an in-depth knowledge of marketing 
microcontroller variance, peripheral devices, such as ADMA, as 
well as familiarity with Intel microprocessor/microcontroller 
peripherals. 


PRODUCT MARKETING ENGINEERS 
AUTOMOTIVE « TELECOM ¢ 
MICROPROCESSOR/MICROCONTROLLER 


Requirements for positions within these three product areas 
include a BSEE or the equivalent and a minimum of 2 to 4 years of 
related component IC marketing experience. You will assume 
responsibility for maintaining present IC accounts and developing 
new customers. You will be involved in presentations and semi- 
nars for customers, reporting of competitive analysis, new pro- 
duct ideas, and interaction with engineering. 


TELECOM APPLICATION ENGINEER 


In this position, you will recommend new products in the telecom 
area, develop and present technical seminars on ICs for telecom 
applications, and interface with the customers to determine 
acceptable technical specifications. The skilled communicator we 
seek will have a BSEE or equivalent and a minimum of 5 years of 
experience that includes knowledge of A/D and D/A converter 
principles and all levels of communication protocols. 


For the above openings, send resume indicating position of inter- 
est to: P. Henderson, Technical Recruiter. 


We offer responsive management, competitive compensation and 
performance incentives, extensive benefits and excellent potential 
for professional recognition and growth. For immediate consider- 
ation, send resume to appropriate listing above: Siemens Compo- 
nents, Inc., Semiconductor Group, Dept. EDN, 19000 Homestead 
Road, Cupertino, CA 95014. We are an equal opportunity 
employer. 


Siemens. A world leader in semiconductor technology. 
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ENGINEERING 
Many opportunities in Telecom, 
CO, Cellular, RF, CAD, I & C, 
Computers, Peripherals, En- 
gineering Management. Send re- 
sume to: MTI 

20287 N. Hwy 21 


Suite 104 
Wheeling, IL 60090 


Noel Rice 312/541-6440 


ENGINEERING 
(HW/SW) 


Top Producer in the largest personnel network system 
currently has openings for ALL Engineering and com- 
puter professionals. Over 200 offices through the U.S. 
and Canada. All fees, interview and relocation expenses 


are borne by our client companies. Please call or submit 


RIKER PERSONNEL = iIDN EDN 


8790 Purdue Road, Suite E Recruitment 


; : First in Readership Among Design 
I ndianap olis, IN 46268 Engineers and Engineering 


(317) 875-991 Managers in Electronics Tea mM 


Roberta Renard 
National Sales 


Manager 
(201) 228-8602 


AMCC is a leading company in the rapidly growing, high performance, semi-custom, in- 
tegrated circuit market. The company is a privately held, profitable, well-financed firm with 
over 200 employees and $20 million in annual revenues. Currently, AMCC is looking for 
qualified candidates in the following areas: 


DIRECTOR WAFER FAB OPERATION 


This position will provide overall operation management for the areas of development, 
engineering and manufacturing. A minimum of 10 years’ wafer fab management ex- 
perience is required. A BSEE or advanced degree in Physics or Chemistry preferred. Ex- 
perience in new fab start-up, bipolar advanced process with some CMOS and excellent in- 
terpersonal skills are also required. 


Janet O. Penn 
East Coast 


Manager 
(201) 228-8610 


PHOTO SECTION MANAGER 


This position will direct photo engineering activity and provide process development leader- 
ship. Extensive experience with wafer steppers, positive photo resist, 2M geometries, sus- 
taining photo production operations and evaluating and selecting new photo equipment. A 
BS degree is required, MS preferred. 


BIPOLAR DESIGN ENGINEERING MANAGER 


For this position, a minimum of 10 years in ECL/TTL design is required, as well as a 
minimum of 3 years managerial experience. You must have excellent interpersonal skills 
and prior experience in gate arrays. A BSEE or MSEE preferred. 


Dan Brink 
West Coast 
Manager 


DA/CAD MANAGER (714) 851-9422 


This position requires a minimum of 10 years experience in IC CAD/DA, as well as a 
minimum of 3 years’ managerial experience. The ideal candidate should be familiar with 
VAX, EWS, and graphics computers. Prior experience in gate arrays is a plus. A BS in 
Computer Science required, MS preferred. 


IMPLEMENTATION ENGINEER 


This position requires logic design experience and TTL/ECL or CMOS with SSI/MSI com- 
ponents. Experience with logic simulations engineering work stations (MENTOR, VALID, 
DAISY, and CAE). BSEE preferred. 


Call today 
fo reserve 
space! 


FIELD APPLICATIONS ENGINEER 

San Francisco Bay Area 

This position requires an experienced engineer to provide customer technical support. Bas- 
ed in the bay area, you will determine AMCC’s circuit capabilities for customer logic ap- 
plication and perform technical support at customer site visits for circuit design, EWS, 
training, quotes and phone inquiries. BSEE and 3+ years’ design experience with semi- 
custom gate arrays preferred. Moderate travel and training in San Diego. 


These positions offer excellent opportunities to join a dynamic growth company. AMCC of- 
fers Incentive Stock Options and a competitive salary and benefits package. Please send 
your resume to: Danella Goodwin, Personnel Manager, AMCC, 5502 Oberlin Drive, San Diego, CA 
92121. We are an equal opportunity employer. 


AMGCG 


APPLIED MICRO CIRCUITS CORPORATION 


BERR EEE 8 ees he 
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~ Reach For 

EDN Career News 

To Reach Your 
Potential! 


Ten times a year, EDN Career News 
publishes the editorial you need to reach 
your professional potential; editorial that 
will help you find a job and keep it. 
Among the special sections you'l 
discover are: 

e Regional Profiles for complete 
relocation information to the hot 
technology areas 

e Company Profiles & Spotlights 
for expanded overviews of who's 
hiring and where 

e Personal/Professional Growth for 
career development and productivity 

e Salary Surveys for eye-opening 
earnings comparisons 

Next time you receive your copy of 
EDN Career News, read it. And reach 
new heights in your career. 


EDN CAREER NEWS 


For Professional Growth and Development 
Roberta Renard, National Sales Manager 
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We're Redefining Gem 
The Leading Edge. . 


Establishing new performance standards takes a special 
commitment. At Fairchild Semiconductor’s Advanced Processor 
Division, we have applied years of research and development into 
creating the CLIPPER™ Microprocessor. The results? A new definition 
for microprocessor technology’s leading edge, and new opportunities 
for engineering’s elite. 

CLIPPER reflects Schlumberger’s commitment to new technology, and 
brings mainframe architecture and power to a 32-bit microprocessor. 
CLIPPER is fast, CLIPPER is balanced for efficiency, and CLIPPER is 
the first of its kind. 

Now is the time for you to become a part of the excitement surround- 
ing Fairchild’s latest innovation. We have new opportunities in the 
following areas: 


Floating Point Operations 


3 years of directly related experience is required, plus familiarity with 
floating point algorithms, large computer architecture and its 
integration with floating point functions. 


Project Leader-I/0 Systems 


5 years of experience in the design and implementation of 1/0 
subsystems for large computers is required. 
Diagnostic Engineers 


2 years of experience in the design and implementation of mainframe 
diagnostics is required. Knowledge of the UNIX* operating systems is 
preferred. 


Process Engineers 


CMOS experience is required, plus 3-5 years of microprocessor 
process engineering. 


Test Engineers 


4 years of microprocessor experience is required; 2 years of 
experience with Sentry Series 20 or 21 is highly desirable. 


Product Engineers 


CMOS experience is required, plus 3-5 years of microprocessor 
product engineering. 


Product Marketing Engineers 


Opportunities exist in Telemarketing and Distribution. BSEE or 
equivalent required for all positions, plus 3-5 years of directly related 
experience ,preferably in microprocessor marketing. 


Applications Engineers (Hardware and Software) 


Hardware Engineers should have experience in semiconductor 
microprocessor applications. Software Engineers should have UNIX, 
C language and compiler experience. 


We'd like to hear from you immediately. Fairchild Semiconductor offers 
top-level salaries, comprehensive benefits and an environment that is 
conducive to engineering excellence. Please send resume and salary 
history to: Fairchild Semiconductor Advanced Processor Division, Dept. 
EDN-01, mail stop 30-811, 4001 Miranda Avenue, Palo Alto, CA 
94304. We are an equal opportunity employer. 


| | 
FAIRCHILD 
es ee ee 
A Schlumberger Company 
*UNIX is a trademark of AT&T 
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Market growth for ADCs 
spurred by flash types 

In the realm of data-conversion 
products, A/D converters are the 
ones that will see the greatest in- 
crease in demand over the next five 
years, according to Venture Devel- 
opment Corp, a market-research 
company based in Natick, MA. The 
1985 dollar value of shipments was 
$262.5 million, a figure that will 
grow at an 18.3% annual rate to 
$608.7 million by 1990—far out- 
pacing the growth of shipments of 
D/A converters, analog multiplex- 
ers, and sample/hold circuits. 

Of the various types of A/D-con- 
version techniques, dual-slope inte- 
gration, successive approximation, 
flash conversion, and subranging or 
multistep flash conversion are the 
most important. VDC expects flash 
converters to make the greatest 
gains in popularity between now 
and 1990. These complex, expensive 
devices still await some improve- 
ments in reliability and cost vs reso- 
lution ratios, but the radar, image- 
processing, and video applications 
that require them continue to multi- 
ply at a rapid rate. VDC predicts 
flash converters to grow at an annu- 
al rate greater than 25% through 
1990. 
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Dual-slope integrating converters 
are the slowest type, but they offer 
high resolution at a modest cost. 
VDC expects that users will turn to 
other cost-effective products, how- 
ever, and that integrating convert- 
ers will fill a tighter niche—applica- 
tions in which very high resolution 
and accuracy or high noise immuni- 
ty are of utmost importance. 

Successive-approximation con- 
verters, which provide moderately 
high resolution at high speeds, con- 
stituted the majority of A/D-con- 
verter shipments in 1985, and this 
dominance should continue through 
1990, though at diminishing levels. 
Subranging converters, which com- 
bine techniques of successive-ap- 
proximation and flash converters to 
achieve 8- to 16-bit resolution at 
1-wsec speeds, will grow at a rapid 
pace. Like flash converters, these 
expensive devices are used mostly in 
radar and other high-speed applica- 
tions, but only when higher resolu- 
tions are required. 


Power transistors make gains 
but smart power must wait 
US shipments of power transistors 


will increase at a 16.6% annual rate 
from $672.2 million in 1985 to almost 


$1.7 billion in 1991, reports the mar- 
ket-research concern Venture De- 
velopment Corp. The future of the 
much-discussed smart-power seg- 
ment of this market is less certain, 
however, as OEM engineers contin- 
ue to evaluate the usefulness of 
these devices that are primarily ap- 
plication-specific. 

Smart power transistors promise 
to save design time, board space, 
and system cost by combining a 
power transistor with peripheral 
logic in a monolithic device. A few 
simple devices have been available 
for years, but these parts don’t 
serve the high-voltage and -current 
applications that are the heart of the 
power-transistor market. 

Manufacturers of smart power 
transistors must solve two engineer- 
ing problems if the devices are to 
see widespread use. First, they 
must find better ways to isolate the 
logic control circuitry from the 
power device while retaining relia- 
bility, space efficiency, and competi- 
tive production and design costs. 
Second, manufacturers must effec- 
tively tailor their smart power tran- 
sistors to specific applications; the 
peripheral circuitry of the device 
will depend to some degree on the 
function the transistor must per- 
form. 

OEMs are not yet clamoring for 
smart power transistors, says VDC. 
Many are simply unable to find de- 
vices suited to their own applica- 
tions. Others believe product offer- 
ings are not yet cost effective 
compared with in-house production 
capabilities or with designs using 
separate power transistors and logic 
ICs. Also, alternate sources in suffi- 
cient numbers are hard to come by. 
Finally, many OEM designers who 
would otherwise want to use smart 
power transistors can’t find prod- 
ucts that reach the required break- 
down voltages. 


299 


the worlds smaiiest 


Surface mount mixers °§% 


Tight packing density, lowered assembly costs, and improved SPECIFICATIONS RMS-1 RMS-2 
reliability make surface-mount technology (SMT) highly attractive to FREQUENCY RANGE, MHz 
systems and product manufacturers. If your design is ready for SMT, LORE 0.5 — 500 5 — 1000 
specify Mini Circuits’ new RMS series, the world’s smallest (0.25 by « aS ie Hes aie 
0.30 by 0.2 in.) double-balanced SMT mixers, spanning 0.5 to a 
1000MHz, from only $6.95 (10-49 qty). CONVERSION LOSS, dB, Typ. 
The tiny, non-hermetic package houses RF transformers, a ceramic- Mic-Band (10h tye) 5.5 6.5 
alumina substrate, and a four-diode assembly. A unique edge-plated Totalrange = ( f,— fy) 6.2 7.0 
design eases the job of making reliable solder connections to a ISOLATION, dB, Typ. ae ba igi: fon 
printed-circuit board. A protective-barrier layer on top of the package’s Kow-band «(f= 108} 55 50 55 «50 
conductive layer retards the harmful effect of electromigration which Viger fie ; 7 ng ae he 
may occur during soldering. The RMS can be attached to a pc-board pan At elie) 
by conventional manual soldering or with automatic equipment; Upper-band ( fyj2 — f,) e724 25 20 
mixers can be supplied in a tape-and-reel format for automated PRICE (10-49) $6.95 $7.95 


pick-and-place machines. 
f, = lowest frequency in range 


When you think SMT, think small, low-cost... ; , 
think Mini-Circuits RMS series. f, = highest frequency in range 


finding new ways... 
setting higher standards 


SS ee ae ee 
Mini-Circuits 
A Division of Scientific Components Corporation 
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 


Domestic and International Telexes: 6852844 or 620156 
F110 REV. ORIG. 
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} Built-in PAL/IFL design capability. 

} Fuse and H&L table editing. 

1} Boolean equation entry. 

} Fuse to equation conversion with a unique 


DISASSEMBLER. 


rograms virtually any PLD on the market (D/P or 
°>LCC) from: ALTERA (including 40-pin EPLD), 
MD, CYPRESS, FAIRCHILD (including ISOZ), 
IARRIS, INTEL (including 40-pin EPLD), LATTICE, 
AMI (including ECL PAL), NATIONAL (including ECL 
"AL ), RICOH, SIGNETICS, SPRAGUE, and TEXAS 
NSTRUMENTS. 


GELEC innovative Logic Design Center (LDC) features: 


o Fuse verification. 
oO Pseudo-random test vector generator 
o User-defined vectors, and more... 


Oo Built-in CRT 
o Menu-driven operation for close man-machine 


interaction. 


o LOGILINK a powerful software package to 
operate the LDC from an IBM PC. 

oO JEDEC format support for communication with 
High Level Logic Development Languages. 

o IC Handler support. 
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USA: DIGELEC INC., 
1602 Lawrence Avenue, 
Ocean, New Jersey 07712 
Tel: (201) 493-2420 

Fax: (201) 493-2426 

Tx: (230)754098 


EUROPE: DIGELEC AG, 
Dorflistrasse 14, 

CH-8057 Zurich, Switzerland 
Tel: 01-312 46 22 

Fax: 01-312 47 66 

TIx: 823795 dige ch 
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PROGRAMMER WITH A 
SINGLE SITE FOR EVERY DEVICE. 


NEW UNISITE 40 HANDLES LEADING- 

EDGE DEVICES WITH SPEED AND EASE. 

Now you can program and test the 

latest programmable devices and 

packages, fast and accurately — all in 

a single site. The first true universal 

pin drivers support any device of a 

given package type in the same site. 

The UniSite™ 40's single DIP socket 

handles any device up to 40 pins, 

including PLDs, PROMs, IFLs, 

FPLAs, ERPROMs, EEPROMs, and 

microcontrollers. The same site 

accommodates the most popular 

PLCCs and SO packages. A 16-bit 3%" micro-diskette. When new 
processor, coupled with custom |Cs devices are introduced, you simply 
and high-speed RAM, set new speed load a new master diskette, and the 
records for programming and testing. | UniSite 40 is quickly updated. 


TIMELY ACCESS TO TOMORROW'S MENUS MAKE PROGRAMMING EASY. 
DEVICES. With universal pin driver Use your cursor to select any func- 
electronics hardware, device-specific tion. Menus prompt you step-by-step 
instructions can be loaded from one and HELP messages assist you 
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FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-7528 (818) 700-0691/ Telex 910-494-2681 

Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/Telex 16616 DATIO NL 
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CIRCLE NO 89 


throughout operation. A built-in listing 
of devices speeds part selection. The 
UniSite 40 can even save your most 
frequently used parameters for instant 
recall. 


SHORTCUTS SPEED SETUP. More fre- 
quent users can bypass menus and 
zoom directly to specific operations by 
selecting key commands. Special 
software commands, like the ones In 
our QuickCopy™ mode, are also” 
available to streamline your program- 
mer operation. 


DESIGN FREEDOM FOR TOMORROW. 
When leading-edge designers use the 
latest programmable devices in their 
designs, they need the design freedom 
only the UniSite 40 can provide. Call 
your local Data |/O representative or 
1-800-247-5700 and ask about the next 
UniSite 40 demonstration in your area. 


DATA I/O 


